Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



«p 



^r 



*l'W»l 



IJWI ■' 



'i^»'¥ippi^"v« 



li 



I 



Engin. Library 







AN ELEMENTARY TREATISE ON 
HOISTING MACHINERY 



AN ELEMENTARY TREATISE 



ON 



Hoisting Machinery 



INCLUDING 



THE ELEMENTS OF CRANE CONSTRUCTION 

AND DESCRIPTIONS OF THE VARIOUS 

TYPES OF CRANES IN USE 



JOSEPH HORNER, A.-M.I.M.E. 

AUTHOR OP '^PATTBRN-MAKING" AND OTHBR WORKS 



5Uu0trateb witb Uwo«bunbrebsanbstlfteen £ngravind0 




%r\k 



PHILADELPHIA 

J. B. LIPPINCOTT COMPANY 

WASHINGTON SQUARE 

LONDON 

CROSBY LOCKWOOD AND SON 

1903 



Printed at Thb Darien Press, Edinburgh, 






PREFACE. 



T 



HIS work is an attempt to present in a concise 

form the leading characteristics of the various 

types of cranes now made. These are so numerous 

J^ that a full treatment of all of them would be 

^ impossible in a single volume, even of larger size, and 

the aim has been to keep the book within small limits. 

\ Several types have become, or are fast becoming, 

-^ specialised in the hands of a few firms. The writer 

>^ has had a long experience in the work of crane 

b construction, and in the course of those years has 

become familiar with all the types he has here 
Q^ described, with the exception of a few that are 

patented specialities. 

The concise and summary treatment necessary, if 

the subject were to be dealt with in a handy volume, 

has made it impossible to deal with any single type 

j of crane at length. The writer has adopted, therefore, 

(^ what seemed to be the best method under the circum- 

^ stances — namely, to occupy the greater portion of the 

^ work with an account of the elementary portions, the 

>j main features that are common to many cranes, 

* leaving the leading types to be described in a con- 

» densed fashion. Thus, although few cranes are illus- 
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VI PREFACE. 

trated, their elementary parts are shown as far as 
space would permit. 

Another point is that formulae have not been intro- 
duced. This matter was well considered, and the 
writer deemed it better to omit them altogether than 
to attempt even a small selection, which would have 
lessened the already limited space available for the 
practical treatment of the subject. 

A great deal might be said on both sides of this 
question of formulae. The true point of view, it may 
be suggested, is that it would be difficult to give any 
selection which would not be open to criticism. One 
important fact is, that different men arrive at the 
same results by different ways. Graphic methods are 
employed in crane shops to a far greater extent than 
mathematics. There is no time for extended calcu- 
lations, neither is the risk run. Books of tables, 
moments of inertia, are used largely. Much work is 
not calculated at all, but the accumulated data of the 
firm are simply drawn upon. Then with regard to 
simple calculations — involving leverage, crushing, 
tensile strengths, &c. — these are already available in 
numerous elementary text-books. 

Such are the principal reasons why the purely 
" shop " method of treatment of the present subject 
has been deliberately adopted in the present volume. 

JOSEPH HORNER. 

Bath, Au^st 1903, 
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INTRODUCTION. 

Value of Experience — Standardisation in Crane Shops — Variable 
Character of Stresses and Strains — Nature of the Problems 
involved. 

In no structures built by engineers is the question of due 
relation of strength to stress of greater importance than in 
cranes. Yet in few does more empiricism exist, in few is the 
accumulated experience of success and failure of greater 
value, — Si case which has notable parallels in the history of 
the development of the locomotive, and of machine tools, 
neither of which are much indebted to theory. 

There are certain crane elements in regard to the 
strength of which calculations are of much value, because 
the stresses are readily obtainable by the methods of graphic 
statics. These are the elements of which the frames are 
built, and the strains on chains, hooks, and snatch blocks. 
But the main side frame castings, and the plated frame 
castings are not readily calculated, and in fact are almost 
invariably copied or modified from previous designs that 
have stood successful service. In the drawing' offices of 
crane shops new designs are got out without much direct 
calculation, because previous practice is drawn upon. The 
more highly the work of a firm is specialised, the more easily 
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2 HOISTING MACHINERY. 

can modified designs be produced. Thus, there are tables 
kept in the office giving loads for various sizes of chains, the 
strength of the different standard hooks used, the strength 
of rods of various cross sections, and much more of the 
same character, by which direct, often repeated calculations 
are rendered unnecessary. Then there are certain trains of 
gears, and drums which have been previously used, and these 
can be taken en bloc, and put on other cranes that vary in 
details of design. Jibs are standardised for different radii 
and power, and these need not be recalculated. So are 
trucks, posts, ground wheels ; and finally there are standard 
superstructures that can be taken bodily and put on either 
portable or fixed bases. In the latest stage of all, standard 
cranes are made in a wide range, and kept in stock for 
immediate delivery. Thus it happens that youths may 
spend much time in modern drawing offices and yet never 
have opportunities of calculating the stresses throughout a 
crane, or even what is of more importance, of understanding 
the conditions of actual service, which profoundly modify 
these calculations. 

The reason why calculations are so greatly modified is 
that though stresses can be obtained for certain elements 
with absolute precision, and in others with a fair approxima- 
f\ tion thereto, the uncertain and variable stresses and strains 
due to working cannot be estimated with any reasonable 
approach to the actual facts. Hence the large factors of 
safety which are employed in crane work, and which often 
prove insufficient. In the writer's experience there is no 
single section of a crane which has not failed under stress, 
whether cheeks, posts, jibs, chains, tie rods, trucks, both 
cast and plated, traveller girders, toothed wheels, drums. 
And these accidents happen not always by reason of want 
of sufficient strength such as is fairly warranted by past 
experience, but they are due to the fact that duties of too 
severe a character are systematically imposed on cranes. 
Few machines are more ill-used than these; the greatest 
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STRESSES IN CRANES. 3 

sinners being contractors* men, who knock them about un- 
mercifully in order to get through their work to time. 

But whatever the difficulties in the way of fixing even 
approximately on the best factors of safety, careful calcula- 
tions should be made for new and untried work on a sound 
basis for those factors in sections where the nature of the 
strains are sufficiently well known to admit of calculations. 
Experience must be the controlling guide in other cases. 

In an elementary work of this character it is not possible 
to enter into calculations, but the mode of treatment must 
be restricted to the description of practical details and of 
types in actua.1 service from the point of view of the practical 
man, whether crane maker or user. All crane calculations 
are applications of the principles and problems laid down in 
many text-books of statics, to which reference can be made. 
We will indicate briefly the nature of the problems, and then 
go on to the practical work of the book. 

In crane framings we have perfect applications of the 
parallelogram, and triangle of forces, — closed chains, in 
which knowing the nature and direction and magnitude of 
one force, the nature and direction and magnitude of the 
others can be measured off graphically. In the travellers 
and similar cranes we have a simple case of beams supported 
at both ends and loaded at intermediate points. In 
balanced cranes the moment of the load,. with that due to 
the overhang of the jib, has to be counterbalanced by a load 
of equal moment behind. In portable cranes the conditions 
of stability include that of the truck in addition to the 
balancing and stability of the superstructure. In one 
direction this is governed by the length of wheel base, in 
the other by the gauge, or if that is not sufficiently broad, 
by extraneous supports, as rail clips, or blocking girders. 
In some elements, as tie rods, chains, and ropes, the pull is 
direct, and therefore easily reckoned ; in others, as on ground 
wheels, on roller paths, and on roller rims, the load is purely 
compressive ; in others, as posts, drums, gears, it is partly 
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compressive, partly shearing, partly bending ; in girders and 
truck frames it is bending ; in shafts it is torsional. These 
various kinds of stresses cannot be treated adequately in an 
elementary work, but reference must be made to the works 
that treat exclusively on statical calculations. Our remarks 
will be confined specifically to certain practical applications 
of the same to the elements of crane structure. 



SECTION I. 



THE ELEMENTS OF CRANE CONSTRUCTION 



CHAPTER I. 

THE ELEMENTS OF TRIANGULAR- 
FRAMED CRANES. 

The Simple Frame with Raking Jib — Stresses — The Horizontal Type 
of Jib Crane— Variations in Position and Shape of the Strut — 
Horizontal Jib Crane with Tie — The Case Of Jib Cranes with 
Cheeks. 

In the simplest types of the true cranes the elementary 
frame is a triangle composed of post, jib, and tie. It is 
embodied both in fixed and in portable cranes, of the wharf, 
whip, wall, derrick, and other types, and includes cranes in 
which the jibs are curved, or cranked to clear loads beneath. 
The relative disposition 
of the three members 
governs their relative 
strength, and these dis- 
positions are controlled 
by the nature of the 
duties which cranes 
have to perform. The 
magnitude, and direc- 
tion, and nature of the 
forces in a triangular 
frame are indicated in Yvg, i. 

Fig. I, which is the most, 
common raking jib type arrangement The diagram is only 
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correct when the load is lifted on single chain, and the 
line of same from the head pulley to the drum coincides 
with the centre of the tie. This is used for various hand 
and steam cranes, both of fixed and variable radius. 
The load a runs over a fixed pulley at the top of the 
jib B, the radius r of which is unalterable except by 
derricking. No trolley or jenny can run along this crane 
to vary the radius of the load lifted, hence the reason why 
many of these are made to derrick ; that is, the jib is hinged 
at D in order to permit of effecting variations in the radius 
of lift; — ^accomplished both in the derrick cranes proper, 
and in many ordinary cranes that differ from the true 
derricks in most details excepting in the capacity for this 
particular range of movement. This type of framing is 
very useful, because it gives a good clear head room for 
work of considerable area and width, combined with a high 
lift. In modified forms the jibs are bent or cranked inwards 

in order to increase the area of 

^1 2 7, work that can be swung between 

I the hook and the post. 

In this broad type the pull of the 
load A is transmitted in tension to 
the tie rod c, and in compression to 
the strut or jib b. The loading on 
the post E mainly tends to break it 
Fig. 2. off as a beam encastre at the ground 

line, but also slightly to tear it off 
at the top, an accident which does sometimes happen. 
The front of the post is in compression^ the hinder part in 
tension. 

To estimate the forces or loads on these members in a 
graphic way, the load due to a is set off in equal parts on the 
line of pull of the chain a, say 4 tons as shown. Lines are 
drawn at c parallel with the tie c, and at b parallel with <7, 
completing a parallelogram of forces. Points of division 
equal to that on a are drawn on c and b. The number of 
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divisions on r or c to the plane where that line is cut by b is 
12, and 12 tons is the tensile load on the tie rods c. The 
number of divisions on b to where it is cut by c is 14^, 
which is the compressive load in tons on the jib b. The 
load or thrust on the post e is 10 tons measured along the 
line d, the post being a cantilever, since it receives no sup- 
port from a pivot at the top. The line of the chain from 
the jib head to the barrel also enters into calculations of 
this kind, and is of much importance in light cranes and in 
curved jibs. 

The type with horizontal jib, Fig. 2, is one that is very 
common, being employed for wall cranes, wharf cranes, and 
many hydraulic cranes. Here there is no tie, properly 





Fig. 3. 



Fig. 4. 



speaking, though the jib b appears to fulfil that function. 
The jib, however, is a beam supported at each end, and 
loaded to the maximum on the intermediate points if a 
trolley or jenny is used, and the thrust due to the load is 
transmitted down from the strut c to the base of the post e. 
If the load is at the end as shown, a pull of 4 tons on a 
produces a thrust of 5f tons on the strut c; and a hori- 
zontal thrust of 4 tons on the post at the ground line, 
under the same conditions of pivoting as in Fig. i. But 
in cranes of this kind the jib is usually pivoted at the top 
as well as at the bottom, and therefore the post is subject 
to a very small bending moment. And if there is no 
racking carriage, but a fixed radius only, the jib b is subject 
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to practically no loading. The principal member then 
in the framing is the strut c, and the pivots at top and 
bottom of the post e. Such framings are old favourites 
because the horizontal position of the jib permits giving a 
varying radius to the load by the travel or racking of a 
trolley or jenny along its top edges. The objection to this 
form is that the strut comes in the way of lifting work of 
large dimensions at a small radius, hence the design is fre- 
quently modified as in Figs. 3 and 4. The first is suitable 
for a jib of short radius, the second for a long jib. These 
designs are both suitable for construction in timber, in which 





Fig. 5. 



Fig. 6. 



they were first made ; they are also made in iron and steel 
with a cranked jib, Fig. 5, which is better than either, but 
is more practicable in framings that are plated in iron or 
steel than in timber, though in the latter, a strut can be 
inserted diagonally between the angles. To get over the 
objection to the strut, this is often abandoned in favour of 
an overhead tie as in Fig. 6, which leaves the space beneath 
the jib absolutely free for handling work at short radii. 
This is further modified by suppressing the post below the 
jib, and supporting the jib by an overhead tie as in Fig. 7, 
and these are not usually connected by a vertical piece, but 
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the end of each member pivots in a cast-iron bearing which 
is bolted to the wall, and the wall fulfils the function of 
a post. 

In cranes that are fitted with cheeks or side frames to 
cany engines and shafting, the post, tie, and jib are still 
present, but slightly masked. The jib is no longer stepped 
into the post at or near its centre line, but into a cross 
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Fig. 7. 



Fig. 8. 



girder or a socket situated at some distance out from the 
post centre, Fig. 8, and directly over the roller path. The 
essential elements are the same as in other triangular-framed 
cranes. 



CHAPTER II. 
POSTS. 

The Function of the Post — Timber Posts — Posts of Iron and Steel with 
Top Pivots — Self-sustaining Posts — For Fixed and Portable 
Cranes — Early Posts of Cast Iron — Later Types— Reason why 
they are being Displaced — Posts of Wrought Iron and Steel — For 
Fixed Cranes — For Independent Cranes — For Portable Cranes. 

The post, pillar, or mast is a vital element in all triangular- 
framed cranes, with those few exceptions in which a wall 
fulfils the function. The stability of a crane depends in the 
first place on that of the post. If this fails, it will do so 
either by breaking off at, or near the ground line, where the 
maximum bending stress occurs in cranes that are supported 
in a footstep only. In cranes that have top pivots in 
addition, the post would fail somewhere between the top 
and bottom pivots, — a determining factor in which would be 
the locality where the jib happens to be stepped into the 
post. From this point of view the nearer the jib is brought 
down to the ground line the better, though having regard to 
the racking of loads inwards, this is the least favourable 
position. 

Posts are made of timber, cast iron, wrought iron, and 
steel, either solidly, or built up like girder work. In the 
simplest examples they are built of two beams of timber 
united at top and bottom with shoes of cast or wrought iron, 
in which the pivots are carried. Examples occur in quarry 
cranes, in the derricks, and in the cranes with horizontal 
jibs. Timber posts are made of a single balk of timber. 
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Figs. 9 and lo, or of two sticks. When two timbers are 
used, they are either parallel, or cambered, and bent over at 
the top ; the first method occurs in some of the larger 
horizontal jib cranes, the second in the derricks, Fig, ii. 
The gearing is carried in cheeks bolted to the post. The 
pivots used are of steel, driven into the top and bottom 
castings, and these (it into castings, one of which, a, is 
stepped into the ground, the other, b, bolted to an overhead 
beam, details which are shown in Figs. 9 and 10 respec- 
tively. As the effect of the strains is to displace these 
castings horizontally, they are secured to stone or timber 



Fig. 9. 

below, and to limber above, into which they are jo^led by 
the facings a a, or other equivalents. Frequently flanges 
are cast at the sides of the top plate to embrace the edges 
of the timber beam, with the same purpose. 

The fastenings of the derricks are of a different character, 
due to the hinging of the jib, and to the overhead beam 
being replaced by guys which come back to the ground. 
Details of the derrick castings and pivotings are shown, 
those for the foot of the mast in Figs. 12-14, and those for 
the top in Figs. 15 and 16. 

Figs, iz and 13 comprise side and end elevations of the 
bottom connection. Fig. 1 4 is a plan of the step or base a. 
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This is made of lai^e diameter, in order to give an unyield- 
ing area to resist pressure, the proportions are massive, and 
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strengthening ribs are cast on it. Its boss receives the pin 
on which the mast turns, and vertical ribs receive the two 
timber sleepers B b by which the crane is counterbalanced, 
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and which receive the lensile stresses transmitted through 
the guys or backstays. Sometimes instead of ribs, a 
socket is employed. The casting c maintains the timbers 
D D of the mast at the proper distance apart, and the 
pin, which is fitted tightly into a hole drilled in its boss, or 
in cheap derricks is cast in, pivots in the boss in a. The ribs 
receive a portion of the thrust of the jib, the socket of which 
is pivoted with a little side play between the lugs in front, 
on a pin passing through the lugs. 




Fig. 14. 

The top casting, seen in elevation and in front view at a 
in Figs. 15 and 16 respectively, maintains the timbers at the 
r^ht distance apart there — distance pieces being inserted 
at places intermediate, Fig. 11, p. iz. This casting also 
carries the two pulleys, for lifting and derricking. At the 
top of the casting a boss a, receives a turned pin b, cottared 
into it, upon which pin the forgings CC which receive the 
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ends of the backstays or guys are pivoted at right angles. 
The cap and cottar above maintain these in place. The 
metal in these fittings is massive, the stresses being severe in 
the backstay sockets ; the stress on the pulley lugs is tensile, 
which explains why'the metal is massed there. 

This type of post, and also that in Figs. 9 and lo, has in a 
lai^e degree given way to posts of iron and steel built on 
the same type, particularly in the heavier cranes, in which 



Fig. 15. 

two channels, or two lattice-braced beams take the place of 
the two timber beams. Castings are still necessary at top 
and bottom for the pins, and castings are bolted on the 
beams to carry the gearing. Such posts are used for the 
forge, and foundry, and quarry types of cranes, as well as 
for the larger derricks. 

In by far the lai^r number of cranes made, the post 
cannot be supported with a top pivot, but must be self- 



l6 HOISTING MACHINERY. 

contained and self-sustaining, being either pivoted in ils 
base in rare cases only, or fixed in its base. Then the total 
effect of the stress both of the crane and its maximum load 
at maximum radius has to be calculated as a bending 
moment across the section at the ground line, or the line 
from which the cantilever starts. In many cases, as in the 
portable cranes, the post goes down but a few inches lower 
than this — sufficient to secure it in its step ; but in many of 
the fixed cranes, as in those of the 
wharf type, it descends several feet 
below into a foundation socket, 
or step. In either case the ideal 
form is that of a cubical parabola. 
The earliest self-sustaining posts 
were of cast iron, and a very early 
and persistent form comprised 
post and cheeks cast in one, a 
type which, though nearly obso- 
lete now, has nevertheless many 
points in its favour. The great 
objection to it was that the post 
was largely in tension, the most 
unfavourable for cast iron; yet 
all the hinder portion from the 
ground upwards and the lugs for 
the tie rods were in that coii- 
^■e- '^- dition of strain. Consequently 

many of these broke off at dif- 
ferent periods at various sections from the ground line 
upwards, in spite of the fact that the metal was ^ in. or 
more thicker at the back than the front. 

After these came the circular post of cast iron, Fig. 
17, a type used much for wharf and warehouse cranes, 
ranging in power from about 15 tons down to i ton. The 
attachments are made in various ways to such posts as these. 
In the smaller sizes of a ton or two of power, the jib may be 
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stepped into lugs cast on the post just above the ground 
line, the post in this case slewing along with the jib. In the 
larger sizes a roller frame, p. 65, generally encircles the post, 
just above the ground line round the turned belt, and the/jf!), 
of iron or timber, is stepped into this. The frame is sustained 
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Fig. 17. 



Fig. 18. 



in the vertical direction by tension rods coming down from 
a cross-head, p. 63, fitting over the top of the post. An im- 
mense number of cranes have been constructed in this way, 
in powers ranging from 3 tons to 10 and 15 tons upwards, 
for railway sidings, wharfs, and warehouses. 

B 
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Posts of cast iron have not proved very reliable, many 
cases of fracture having occurred, eveh though the metal 
has been from 2 J to 3 in. thick, at and near the ground line, 
in 6 ton, and in 10 ton cranes respectively. These posts 
are cast horizontally, and the metal along the top is often 

liable to be a little spongy and 
open ; to compensate for which 
an extra J in. of thickness has 
been often added there. An 
advantage in cast iron in the 
lighter class of warehouse cranes 
is that lugs and cross-heads can 
be cast in one with the post 
more cheaply than they can be 
afterwards fitted. Against this 
must be set the drawback that 
the fracture of a lug involves 
throwing the whole post on the 
scrap heap. These are sufficient 
explanations of the fact that 
cast iron has been largely dis- 
placed in favour, first of wrought, 
and later of steel for posts. 

Fig. 18 illustrates a solid post 
of wrought iron or steel, as 
used in a fixed wharf or ware 
house crane. Here the post is 
sustained at the ground line 
in a base plate a, within the 
boss of which it is keyed, 
and the foot is carried in a 
footstep casting b stepped into a foundation plate in the larger 
cranes, see Chapter VI., pp. 76 and 79, both plates being of 
cast iron. An immense number of such posts are in use. 
They cost more than those of cast iron, though the difference 
is less now than formerly, thanks to the use of mild steel, but 
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they are absolutely reliable. The steel works supply the 
rough forgings, which have then only to be turned round 
the belt where the post fits into the plate a, round the 
roller belt, at the bottom, and at the top on which the cross- 
head rotates, the position of which is indicated at b. 

In a special kind of warehouse crane, — the independent 
type, in which there is no deep foundation, the post a, of 
wrought iron or steel. Fig. 19, is stepped into a casting b 
with a spreading base of from 3 to 4 ft. in diameter. An 
outer sleeve c, — not the true post, 
— though it appears to be so ex- 
ternally, encircles this and carries 
the rollers round the belt, and the 
top drum and tie rods. 

In portable cranes in which the 
post cannot come lower than the 
truck, the construction shown in 
Figs. 20, 21 is employed. Fig. 20 
is made in cast iron, Fig. 21 in 
wrought iron or steel, but for the 
reasons just given the employment 
of cast iron is diminishing. The 
writer has known several cases of 
fracture of these near the top at the 
part encircled by the cross-head. 
A post of wrought iron or steel can 
also be made smaller in diameter 

than one of cast iron, which gives more room for other 
details. The post shown in Fig. 2 1 has a hole through it, 
which is necessary to permit of the passage of the vertical 
shaft by which, through gears, the travelling motion is im- 
parted to the crane. The hole is bored through the solid post 
with D-bits, boring from each end. The ends are bushed 
with brass to take the vertical shaft. Posts are fastened into 
their trucks or foundation plates partly by making a press fit, 
partly by reinforcement with keys, or with set screws, Fig. 22. 




Fig. 20. 



20 HOISTING MACHINERY. 





POSTS OF STEEL. 



21 



In the horizontal cranes, and in the Titans the post is 
reduced to a mere pin, or pivot. Fig. 23, connecting the 
revolving superstructure a to the travelling base or truck b ; 
the weight of a is taken on a ring of rollers between a and b. 

In the steel derricks the post or mast is built of rolled 
channel sections, with angles, and lattice braced, as in 
Fig. 24. 




Fig. 24. 



CHAPTER III. 
JIBS, STRUTS, AND TIES. 

The Broad Types of Jibs — Cantilever Jibs — Fairbairn Jib — Strutted 
Jibs — ^Jibs with Ties — Stresses — Timber Jibs — The Single Member 
— Socket Fittings — Double Timbers — Their Fittings — Horizontal 
Jibs — ^Jibs of Iron or Steel — Raking Jibs — Forms of Construction, 
and Bracing — Straight, Cranked, and Bent Types — Fittings — Tie 
Rods — Stresses— Method of Attachment — Shoe Castings — Pulleys 
— Pins — Derricking Chains — Movable Jibs— Screwed Ends, and 
Eyes. 

Jibs, struts, and ties are grouped together because they are 
mutually dependent. A jib, with a few exceptions, is not 
self-supporting, but is sustained by ties, or with struts. 
From this point of view various forms of jibs become 
grouped naturally under three broad types — the cantilever, 
the strut supported, and the tie supported. The first are 
not numerous, the second only moderately so, the greater 
number of examples come under the last-named head. 

Cantilever jibs are used chiefly on some forms of long- 
armed cranes, usually of the travelling type, with or without 
provision for rotation, as on the Brown cranes and related 
types, and on some Titan cranes. Having no extraneous 
support they are built of girders of semi-parabolic outline, 
Fig. 25, — semi-parabolic, because a trolley has to run 
along them, and therefore a level track is necessary. These 
girders may be likened to a parabola divided down the 
longitudinal axis, the two halves being placed side by side 
with the hoisting chain or rope hanging down between. 
The girders are sometimes solid plated, but much more 
often lattice braced, as being a lighter and equally strong 
form of structure. The combined weight of the girders and 
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trolley, along with that of the load lifted, is counterbalanced 
by the loading at the rear, on the other side of the centre a-^a 
of the crane, where boilers and engines, with extra ballast is 
also located, if required. Or two cantilever arms, as in some 
of the Brown cranes, counterbalance each other. 

These cantilever cranes are usually of longer radius than 
other types, too long either for a raking jib to be utilised, 
or a strutted jib. Their function is chiefly that of loading 
various materials over large areas. The radius ranges from 
50 to 100 ft in various examples, over which length the 
trolley is racked anywhere from at or near the centre of the 
crane, picking up and travelling the load. When such cranes 
are fitted also with a travelling motion, as is almost invariably 
done, and with a slewing movement, which is frequent, the 
range covered is very large. The value of these cranes, — 
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Fig. 25. 



outside the Titans, which are used specifically for setting 
concrete blocks for submarine work, in breakwaters, piers, 
and moles, — lies in the following applications : — Loading and 
unloading vessels and railway trucks with various materials, 
as ore, coal, spoil, and other cargo. Loading and unloading 
steel and iron plates and bars in yards. Handling plates 
and sections in shipbuilders' work, the cranes then spanning 
the slip-ways and covering two vessels to right and left of 
the crane track. Besides these there are other miscellaneous 
services of the same general character rendered. 

There is one particular form of the cantilever jib which 
does not carry a trolley — the Fairbairn type. It is a bent 
cantilever, entirely self-sustaining by virtue of its strong 
construction, which is that of a solid-plated, or braced box 
girder of approximately rectangular section. 
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The jib which is sustained by a strut is generally of the 
horizontal form, a form which in a number of cases is alter- 
natively supported by ties. A raking jib is also a strut 
because subject to compressive loads. But a strutted jib of 
the horizontal form is not only subject to compression, but 
to bending, the particular kind of bending being governed by 
the position of the strut, and the location at which the load 
is lifted. If the strut meets the jib at a considerable 
distance inwards and the load is lifted at the end, the over- 
hanging portion of the jib will be subject to bending as a 
short cantilever. If the jib has a racking carriage, then the 
load being hoisted at any positions intermediate with the 
end and the post will produce bending moments, the in- 
tensity of which will vary with position, but the calculations 
will be made for maximum stress midway between supports. 

Jibs with ties, — the most numerous and important section, 
— include examples from cranes of the shortest to the longest 
range made, from the little wall, and warehouse cranes to 
many Titans, and Temperley transporters, and immense 
wharf cranes. The method of supporting a jib by ties or 
tension rods, or chains has the merit of simplicity. The jib 
is much lighter, conditions being equal, than when it has 
to be self-supporting, and the absence of struts leaves the 
maximum head-room possible beneath, while in jibs of great 
length struts cannot be used, but the alternative is a heavy 
cantilever. 

In crane jibs of the raking type, and in struts, the stress is 
theoretically considered as compressive. But owing to their 
great length they must be taken as coming under the head 
of long columns that would fail by bending. A jib never 
ruptures by crushing, but failure by bending is not in- 
frequent, an accident to which this member is specially 
liable by reason of the rapid slewing motion. This is often 
performed at a high speed when a crane is fully loaded, so 
putting a heavy side strain on the jib. This member there- 
fore bends in this direction more frequently than it does in 
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the vertical, a fact which is amply provided against in the 
best designs. 

The simplest and oldest jibs are of timber. They are 
chiefly used in the wharf cranes, in the horizontal jib type 
of cranes, and in the derricks. In some of these of the 
raking type they consist of a single stick of timber only. 



Fig. 26. 

of square or circular section, but in most cases two timbers 
are used. Timber jibs formed of a single stick are either 
of circular or octagonal section, and they taper down from 
the centre to the ends, forming a rough approximation lo 
two parabolas meeting at their larger ends. The castings 
that form the sockets for feet and head correspond in 
shape, having octi^nal, square, or circular recesses. Oflen 
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an octagonal jib is cut circularly at the ends to enter cir- 
cular sockets. When a single stick of timber is used, 
stepped into sockets at top and bottom; the first named, 
shown in Figs. 26 and 27 in plan and elevation, carries the 




Figs. 27 and 28. 



chain pulley ; the second, Fig. 28, fits by a pin between the 
lugs or sockets cast either on the crane cheeks, or the 
roller frame, or the footstep cast to receive it. The bottom 
pin is in shear, loaded with the full load transmitted down 
the jib. The pulley pin is generally in shear, but if two or 
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more pulleys are on one pin, the pin is subject to bending. 
It may or may not transmit the full load on the jib. In 
Fig. 27, for instance, a good portion goes through the tie- 
rod pin, while in Fig. 29 the compression goes to the jib 
through the casting, and the pin does not feel it. 

The sockets are castings tapered to receive the tapered 
ends of the jib, over which they are driven with sledges. 
The object of rounding the edges of the mouths is to avoid 
sharp angles in the timber at the shoulders a, which would 
be a source of weakness there. The timber ends should be 
well saturated with thick white lead paint before insertion 
as a preservative against dampness, the great enemy of 
timber. A jib begins to decay from this cause in the 
sockets before it does elsewhere. At the first driving, the 
timber does not go right to the bottom, because a little 
shrinkage is almost sure to occur in time, and it is desir- 
able that the fitting should never become loose. 

The single piece of timber occurs in many of the derricks, 
and in certain types of wharf cranes, the two timbers in the 
larger derricks and wharf cranes, and in horizontal jibs. 

When two timbers are employed they are either parallel 
or cambered ; — parallel when the jib is horizontal, as happens 
in most cases, when the trolley runs along on the top of 
them, and the chain falls between. They are cambered in 
some wharf cranes. The two timbers are stepped into a 
socketed casting that encircles the iron post ; and are con- 
nected at the top with another casting, Fig. 29, that receives 
the chain pulley. The gearing is then carried in cheeks, Fig. 
5^» P* 53> that are bolted to the jib at a convenient height 
above the ground line. Distance pieces maintain the timbers 
at the proper distance apart. Such a jib is well adapted to 
resist the lateral stresses that occur during rapid slewing. 

The horizontal type of timber jib consists of two pieces 
arranged parallel with a clear space between. They are 
maintained at their proper distance apart at the ends only, 
to allow clear room for the racking of the lifting chain to 
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various radii. At the rear end they are shouldered into the 
mast and connected therewith by means of bolts, see Fig. 10, 
p. 12; at the front end they rest on shoulders cut in the ends 
of the strut timbers, and a distance piece there maintains 
them at their proper position asunder. Rails are bolted on 
the top edges to take the flanged wheels of the racking 
carriage or jenny, and brackets are bolted on at each end 
for the chain pulleys. 

Timber is not, however, suitable for very large cranes, 
and its employment has diminished since the introduction 
of mild steel has given us large rolled sections. Timber 
jibs are seldom used on cranes of over 5 tons power, 
occasionally they are put on lo-ton cranes. It is most 
suitable on cranes of a few hundredweights capacity ; and 
red deal, pitch pine, or oak are used. 

Timber-framed cranes with horizontal jibs and raking 
struts are not safe and suitable for foundry and forge service, 
and these are therefore generally built up of steel plate and 
angle. The three members, — post, jib, and strut, — are flush 
jointed, with covering plates riveted over the joints, and 
the inner and outer edges are stiffened by the riveting of 
angle sections all round. 

In some cheap, light, hand warehouse cranes the jib is 
simply a round bar of iron about 2 in. in diameter, curved, 
and the post and tie are formed of similar bars. The jib is 
supported about the centre by a bar strut, or by struts 
formed of a ring or rings of iron. In another simple form 
the jib is made of two flat bars of iron bent, and the post 
is similarly formed. In both cases distance pieces maintain 
the bars at the proper distance apart. In some small and 
cheap cranes a single I joist section only forms the jib, 
being stepped into castings at top and bottom, into which 
they fit loosely in the first place, and are secured with iron 
cement, the design of the single timber jib being embodied 
in metal. 

After these, the simplest jibs of iron or steel are built of 
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rolled channel sections, or I sections, both in horizontal and 
raking types. Others are built up with plate, bar, and angle 
as in Fig. 30, and attached to the strut with gusset plates. 

Fig. 31. 

In some old horizontal jib cranes for use in foundries, 
posts and jibs have been made of cast iron, the jibs being 

supported with over- 
head raking ties, and 
have stood good ser- 
vice. These are sel- 
dom made now. Two 
popular forms are that 
Fig, 30. in which the jib and 

its tie is separate from 
the gearing ; and the raking strut type. The first has the 
great advantage of giving a perfectly clear head room, — a 
point of much value in any shops, having regard to the hand- 
ling of work of large area. They are, however, limited in 
power. Yet small cranes occupy a very important place 
in nearly all shops, because a large proportion, — generally 
the larger part of the work 

handled, — consists of light or t -— > 

moderate loads. / I ^ ^ ' ^ 

Raking jibs are generally y!^^ 

fastened at top and bottom to / / 

castings, and the side mem- X / 

bers are united at intermediate ^^ 

parts with cross bracing. Or ^^' ^'* 

they are fitted with separate 

castings which do not unite the jib sides. Some crane jibs 

are made with a solid plate uniting the rolled sections, to 

which it is connected with angle iron down the centre of 

each. This is adding unnecessary weight to the jib, and it 

is not cheaper than lattice bracing. 

In the simplest braced jibs a single set of bracing is 
riveted to angles that are riveted down the centre line of 
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the rolled channels, or I sections, Figs. 32, 33, which form 
the jib sides. These are hable to twist, and therefore in 
most cases double bracing. Fig. 34, is riveted to both 
flanges of the channels or I sections. These are well 
adapted for light cranes either of long or short radius. In 
stronger and heavier types the rolled sections give way to 




Fig. 36. 



forms built up entirely of angles and bracing bars, so im- 
parting a rectangular cross section, either square or oblong 
to the jib. Fig. 35 is a derrick jib of steel built up in 
this way. Lastly, the straight raking jib gives place to a 
form that provides more head-room and area for lifting ; — 
the cranked jib, Figs. 36 and 37, or the bent or cambered. 
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Fig. 38. The first is rather cheaper, but it has to be strutted, 
while the bent jib is self-sustained. 

The cranked jib, the strutting of which is shown in Fig. 36, 
and the jointing to a larger scale in Fig. 37, is more easily 
made than the bent type. It resembles traveller girders 
constructed of timber or of parallel steel joists, see Chapter 
VIII., p. 99, in the fact that the strains are transmitted from 
the jib A through the strut b to the tension rods c c, going 
to the jib foot and head respectively, and d going to the 




Fig. 37. 



head of the side frames. These connections must therefore 
be strong and well made. The jointing is with a broad 
gusset plate e covering the joints of a a, b, and castings f 
fitting in the channel sections ; castings, joists, and gusset 
plates being all riveted up together. A boss g on the large 
casting forms the bearing for the pin of the pulley h, which 
conducts the chain or rope from the lifting drum to the 
pulley at the jib head. This pulley h fits freely on its pin — 
sliding along it from one side to the other as the chain or 
rope winds from end to end of its drum. A casting j, or a 
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forging is fitted into the head of the strut b to take the pin 
over which the tension rods are looped. 

The bent jib, Fig. 38, is of a composite type in which 
the fitting of the tie rods at some distance away from the 
end leaves th6 portion between the anchorage and the 
foot in compression, while the length beyond the anchor- 
age is subject to bending as a cantilever. The jib is 
widened at the dividing section to afford strength to the 
cantilever end. The cutting of the hole for the pin and 
its boss does not sensibly weaken the section, since this 
metal is removed at and near the neutral axis. 

Here, where four angles have to be bent and each pair 
of bracings differs in length and in angle from the others, 
it is easy to get the jib atwist unless the work is done 
carefully. It is marked out to actual size on a floor, and 
measurements taken direct, and the bending checked 
therefrom. At top and bottom the angles are united and 
stiffened with broad plates riveted to them, and castings 
are fitted within these to receive the pins for the foot, for 
the lifting, and the guide pulleys respectively. This is a 
derricking jib, to which further reference will be made 
directly. 

The fittings of iron and steel jibs are generally cast, in 
some cases they are forged. They consist of brackets, 
feet, or shoes, pulley^ pin, and tie rod bearings, — varied 
much with the class of crane. They are mainly in compres- 
sion, and supported more or less by the framing. 

In many cases the bottom casting serves the function of 
a roller box, which may or may not pivot, depending on 
whether the jib derricks or not (see Chapter V., pp. 66 and 
67). The top casting often contains the jib pulley, more 
often separate castings are employed, details of which are 
shown in subsequent figures. 

The function of the jib is to carry the pulley or pulleys 
over which the chain or rope passes from the hoisting drum 
to the hook. The shapes of pulleys are illustrated in 
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Chapter XIII., p. 164, but the method of rigging them up 
belongs properly to the present section. As, however, they 
are often carried in the same castings as those to which 
the tie rods are anchored, and as the fitting of the pulleys 
and tie rods are taken in hand simultaneously, we will 
postpone remarks relative to the pulley fittings until the 
methods of attachment of tie rods, to be now considered, 
have been disposed of. 





Fig. 39. 



Tie rods are variously arranged. In jibs of average 
length one pair of ties suffices. In those of great length 
more are necessary to support the jib both at the ends 
and at intermediate positions, and the king posts neces- 
sary for their attachment have to stand up to a great 
height in order to get an angle large enough from the 
horizontal for a proper transmission of the tensile stress. 

The simplest tie is that shown in Fig. 39, in which 
one tie rod supports a bar, used as a smith's crane, 
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that is as a simple support and track for pulley blocks 
between the anvil and the fire. Next comes the pair of 
ties between a crane post and the jib head. In curved and 
cranked jibs the ties stop short of the head, being attached 
to the hump of the jib some way back. In derricks and 
in derrick cranes the ties are not rigid rods as in these 
cases, but chains mainly. In the true derricks these pass 
over pulleys at the masthead, and so give the variable 
radial motion to the jib head, where they are anchored. 
In other cranes fitted with derricking movements the chains 
are wound round a drum operated by worm gear. In 
many of the recent cranes wire rope is substituted for chains 
for derricking. In the long-armed Temperley cranes ropes 
support the jibs. In the Titans flat tie rods are employed. 

The methods of attachment of tie rods and wire ropes 
vary as much as their broad designs do. A small selection 
only out of the many can be illustrated and described here. 

All ties and their connections are subject to a very 
unfavourable kind of stress, that of tension pure and 
simple. If crane loads were dead loads there would be 
little difficulty. But they are very live loads, — intensely 
severe, even under the conditions of regular work, which 
involves sudden surgings, jerks, reactions, outside the 
limits of calculation, — ^stresses which are liable to snap 
tie rods off, or to burst out eyes, try indifferent welds, or 
shear off pins, and crack castings. 

The proper and safe way to attach tie rods is with 
eyes at their ends, stepped over forged pins at right angles. 
The rods and eyes are in tension, and the pins are frequently 
calculated as in shear. But breakages invariably show that 
bending occurs before failure, and they should be calculated 
for this form of stress. Supports are required for the pins, 
and the necessary area is obtained at the foot, either in the 
castings of the side frames, or cheeks, or roller frames, or 
cross girders, as the case may be, into which they are stepped. 
At the head, castings or forgings are required to receive the 
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pins. In some instances the eyes encircle cast-iron bosses, 
to which a shearing strain is transmitted, but this is too 
risky for the heavier cranes. 

The attachments of tie rods vary of course with the 
material, and shape of the jib used. In the case of timber 
jibs they are different from that of iron and steel jibs. 

For timber-framed cranes in which large shoe castings are 
employed both at bottom and top of the jib, into which 
the timber is socketed, the tie rods are either attached at 
the top to pins, or they encircle cast-iron bosses, or they 





Fig. 4a 

pass through lugs. In Figs. 26, 27, pp. 25 and 26, the tie 
rods A A are looped over the pin b. In Fig. 29 they fit over 
the cast-iron bosses a a which form a portion of the jib-head 
casting, and are retained in place with washers bb, and 
cottars in the ends of the pulley pin c. A similar fitting 
is seen in the head of the steel jib. Fig. 41. The lug 
method of attachment is the most objectionable, though 
rather common. Cast lugs are liable to yield and fracture 
by a direct pull, or a side strain, such as occurs when 
slewing suddenly, or reversing the movement of a crane. 
When castings are used for timber jibs the pulley pins are 
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fitted in these castings, and recesses are cored out to receive 
the pulleys. These occur in the derricks, Fig. 26, p. 25, 
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Fig. 41. 



and in some of the wharf cranes, Fig. 29, p. 27. Everything 
at the jib head is then included in one casting, which sim- 
plifies the fitting up. 



JIB-HEAD FITTINGS. 4 1 

In some cases a single casting at top, and one at bottom 
unites the sides of a steel jib, but generally separate ones 
are used for each cheek. Fig. 40 illustrates one type of jib- 
foot casting, fitted within the channel a, or to a built-up 
section. The hole encircles a turned boss on the front 
roller frame which fits between the crane cheeks, see Fig. 74, 
p. 67. It is equally suitable for a fixed or a derricking jib. 
The bearing is divided with a cap, but many of this class 
have the hole bored in the solid. The lug shown in Fig. 
40 receives the tension rod, coming down from the strut of 
a bent jib. 

In jibs built of sections, or of angles and lattice bracing, 
it is not usual to make the jib-head casting do duty for all 
fittings. There may in some cases be several castings, as 
the pulley bearings, with which the tie-rod anchorages are 
included, besides which there are other castings for the 
anchorage of the bight of the chain when a snatch or return 
block is used. If the jib is cranked, or curved, the tie-rod 
anchorages are quite distinct from the pulley bearings, being 
fixed in a diflFerent position, see Fig. 38, p. 35. 

Fig. 41 shows a simple jib-head fitting for a chain pulley. 
Two pieces of steel plate a a are bolted between the H 
sections, and cranked to receive a distance piece b, 
which also prevents the chain from jumping outside the 
pulley. Two castings c' c' are fitted outside, and bolts pass 
through A and c', which are bored in place to receive the 
pulley pin d. The castings are prolonged into bosses c', 
over which the tie-rod eyes fit, and on which they are 
retained sideways with washers e e. Frequently instead of 
fitting separate plates a a, in the manner shown, the jib sides 
are extended, and the flanges cut away to the distance to 
which A A extend beyond the end of the actual jib, and the 
web is set over to receive the distance piece. In many 
cases also castings are fitted instead of the steel plates. 

When the lifting chain or rope comes to the jib pulley 
in a horizontal line, unless of considerable length, the jib 
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carries no supporting rollers. But when the chain or rope 
comes up in a line parallel or nearly so with the jib, the sag 
of the chain is taken on loose rollers in bearings fixed to 
the jib. The same device is necessary in jibs that are 
cranked or bent. A roller is seen at b in Fig. 38, p. 35, 
and at d in Fig. 29, p. 27, while the fitting of two brackets 
to carry rollers is seen in Fig. 32, p. 31. 

A detail of jib fitting is the shackle to which the chain or 
rope is hooked when lifting with a snatch or return block. 
The shackle c, Figs. 26 and 27, pp. 25 and 26, is hung from a 
pin which passes through one lug, or through a pair of plates. 
The first is the usual method of attachment in timber jibs. 
The lug must be long and strong, the cast iron being in 
simple tension. The second is adopted when the jib is 
built up of rolled sections, or of angles and bracing. 

When a jib is made to derrick, two rigid rods are generally 
attached at one end with eyes to the jib-head castings, — an 
example of which occurs in Fig. 38, p. 35. At the other 
they are furnished with looped forgings to embrace pulleys, 
and receive the pulley pins. The pulleys receive the 
derricking chains a that come from the derrick barrel 
within the crane frames. 

With few exceptions jibs and ties are rigidly fixed to the 
post. The exceptions occur in many of the light hydraulic 
cranes. In these the ends of the jib and tie next the post 
are fitted with rollers, which ascend or descend on the post 
under the control of the lifting cylinder. 

When tension rods are screwed at one end, as they are in 
overhead travelling cranes, and in some timber-framed jib 
cranes, it is most important to keep the bottom of the screw 
threads full to the size of the plain portion of the rod. In 
the case of eyes, the cross section on each side of the hole 
must be somewhat in excess of half that of the rod. Eyes 
are generally welded to their rods after the forging and tooling 
has been done. For this reason iron is preferable to steel 
for eyes and rods. 



CHAPTER IV. 
CHEEKS. 

Cast or Plated — Variety in Detail — Strains — Outlines — Cast Cheeks — 
Crab Framing— Frames of "Vertical" Type— Their Weak Points- 
Details — Frames of " Horizontal" Types — Crab Cheeks— Cheeks 
attached to Timber — Steel-Plated Cheeks — ^The Bearings of 
Cheeks — Solid and Divided Bearings — Bearings Cast with their 
Cheeks — Those attached to Plated Cheeks — Disadvantages of 
Solid Bearings— Several Bearings in one Casting. 

The cheeks of cranes are subject to great variations in design. 
In small cranes they are of cast iron, in heavy ones, steel 
plated. But many small cranes are cheaply made with steel 
plate, while for permanent way cranes, this type is always 
employed. Plated work is much cheaper than formerly, and 
is more reliable than castings. But castings still cost less, 
because the bearings are in one with the frame, while in 
plated work the bearings must be prepared separately, and 
bolted or riveted on. But these axe often cheaply fitted in 
tJie form of round bosses in place of the more expensive 
divided bearings. 

Cheeks are generally made separately, and united with 
distance pieces. But in some cranes, as the horizontals, 
they are bolted down to the revolving bed, in others they 
are cast in one piece with it. Cheeks are single plated 
and ribbed, on one or on both faces in most cranes, but in 
the heaviest they are sometimes of the boxed form, being 
cored out. 

The strains on frames are not usually calculated. They 
are subjected to all kinds of stresses in working, tension. 
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compression, side strain, vibration, &c., which cannot be 
properly estimated. A firm*s own experience furnishes the 
data necessary for thicknesses. Frames have been broken, 
and thickened up in the weak parts, shrinkage stresses have 
to be avoided, and in this tentative way safe and standard 




Fig. 42. 



proportions are evolved for cranes of different powers and 
radii. 

There is no standard shape for frames, apart from a 
firm's own practice. The centres of the shafts give the main 
outlines. These cetitres being fixed by the gearing, control 
the main dimensions, and the rest is a matter of strength 
and taste. Curved outlines are often imparted to castings, 
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but plain ones to plated work. The parabolic curves of 
some horizontals are neat and tasteful. A frames are common 
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in verticals and in hand crabs, and rectangular frames in 
power crabs. Balance cranes have a tail prolonged behind 
the cheeks to carry the balance box. These are sometimes 
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cast in one with cast cheeks, but are better if made of rolled 
channels and bolted to the cast frames. In plated cheeks 
they are formed of plate and angle like the other parts. 

The following are the principal designs of cast-iron 
cheeks : — 

The simplest self-contained cheeks, that is, those which 
are independent of extraneous support, not being fitted in 
any fashion to plated or timber work, are found in the 
common crabs and winches, that are bolted down to timbers, 
and in which the bearings are solid, t,e,y formed by drilling 
holes in bosses cast in the frames. The typical crab 
framing is A shaped. Fig. 42, very light and flimsy, being 
sold cheaply, and used for hand work only. The weak web 
is stiffened with fillets cast around the edges on both sides. 
In the common class of frames the shafts run directly in the 
iron bearings, a, a, tf, in a better kind the holes are brass 
bushed, which is desirable because the bushes can be easily 
renewed when they wear. The distance pieces by which 
the frames are kept at their proper distance apart are simply 
round double-ended bolts with collars or shoulders, passing 
through the holes ^, ^, ^, so that there is little rigidity in these 
frames away from the timbers to which they are bolted. 

The cheeks of the cranes proper are either of high, or 
low type, namely, " vertical " or " horizontal " respectively. 
Taking the verticals first, these are built with some approxima 
tion to the A shape. Figs. 43, 44, but much modified in the 
various classes of cranes which are designed. They are 
large, ranging from about 4 ft., to 7 or 8 ft. in height, and 
from J to I J in. thickness in the web. They are ribbed 
on one side only, — the outside, or on both sides, the choice 
being a matter of taste. The bearings are nearly invariably 
of the divided type. Even when bearings come within the 
frame, a recess is often cast for the fitting of the cap and 
brass. Brasses are usually fitted, exceptions occurring 
in some of the cheaper hand cranes. The frames are 
used in conjunction with a central post, see Chapter II., 
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pp. 17, 19, and 20, and are maintained at the proper distance 
apart by cross girders, which fulfil other functions, as that 




Fig. 44. 



of roller frames for slewing the entire superstructure round 
the post, jib sockets, &c., and as post heads, taking and trans- 
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mitting the load of the revolving superstructure to the 
post. Facings are cast on the inner sides of the cheeks or 
side frames to receive these cross girders, the ends of the 
latter and the facings being planed, and turned bolts unite 
them in one rigid framework which rotates round the post. 
The lower edges of the cheeks come at a few inches' distance 
above the base, or truck. 

There are certain parts of these frames which are 
severely stressed, those most liable to fracture being the 
upper part of the frame to which the tie rod is attached, and 
the front lower portion that receives the pressure of the 
front roller. A good many fractures of these two kinds 
have come under the writer's observation. A good plan is 
to thicken the metal over these areas, making it J in. thicker 
there than elsewhere, and shaving it down to merge gradually 
into the general thickness. Another section which is strained 
severely is the area around the barrel shaft, also in tension, 
in front of the shaft, by an amount equivalent to the direct 
pull of the load. 

The cheek in Fig. 43, p. 45, belongs to a steam crane ; a a 
being the facings on which the cylinder foot is bolted, b is 
the bearing for the engine shaft, c that for the hoisting 
barrel, d that for the worm wheel and barrel used for 
d^rricking, e that for the anchorage of the rear tie rods 
which come to the tail of the crane, f is the bearing for the 
front roller frame over the curb ring. Three other frames or 
cross girders are bolted between the cheeks, at g carrying the 
back roll, at h with the two centre rolls, at j the girder from 
which the engine shaft clutches and gears are manipulated, 
and K which receives the top of the post, and the anchorage 
of the derricking chains. The bolt holes for these girders 
are indicated. 

Fig. 44, p. 47, is a cheek for a light hand crane, a and 
B are the bearings for the first and second motion shafts 
respectively, and c that for the barrel Two cross pieces 
only unite the frames, one embracing the broad face at 
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Fig. 45- 







Fig. 46. 
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the bottom, the other fitting into the hole d near the top. 
E is the lug for the anchorage of the jib tie rod. 

In what are termed the horizontal, or low type of cranes, 
only applied to steam cranes, and to electrical ones built 
on the same model, the frames are considerably reduced 
in height, and are cast in one with the roller frames, 
except in the more powerful cranes. The alteration in 
height affects the design further ; — as in setting the engines 
horizontally, and bringing the gears low down, which in- 
volves lengthening the superstructure at the rear to re- 
ceive the engines and their connections. One of these 



Fig. 47- 

frames is seen in Figs. 45-47 in elevation, plan, and cross 
section respectively. We here get a cored-out bed as 
the basis of the small cheeks, with which the cheeks are 
either cast solidly, or not uncommonly bolted on. The 
cheeks have sometimes been ribbed only, as indicated in 
plan in Fig. 46, but in all good designs they are cored out 
as in Fig. 47, leaving smooth plated faces both on inside 
and outside. Some of the later designs in this class of crane 
are very neat and graceful 

In Figs. 45-47, a is the engine shaft bearing, B that for 
the barrel shaft, c that for the pin which carries the jib foot. 
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The jib feet fit between the spaces d d. The superstructure 
revolves round a pin in the hole b of the central boss. The 
faces F F receive the tail girders which rest on the lugs a, 
and come up against the abutment strips b. The frame 
runs on the four rollers seen dotted in the plan view. 

Cheeks of cast iron are used for hand crabs, one being 
illustrated in Fig. 48. The first motion shaft is at a, the 
second at b, and the barrel shaft at d. e e carry the axles 
for the trolley wheels, and f is the bearing for the hand 
shaft, by which the trolley wheel beneath is actuated through 
gearing. The metal is thickened in the vicinity of d and 




Fig. 48. 



below the hole where it is in tension, which cast iron is ill 
adapted to resist. 

Cast-iron cheeks which are not independent, but are 
attached to timber, are illustrated in P'igs. 49 to 52. Fig. 
49 is extremely simple, and is found on the posts of triangular- 
framed cranes, carrying the barrel. The castings are abutted 
only against the timber, and the bolts pass right through 
the latter. To prevent the cheeks from becoming shifted, 
a joggle is usually cast to fit into a mortice cut in the 
timber, so assisting the bolts. This method of fitting is as 
a rule only suitable for hand cranes. 
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Fig. 50. 
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Fig. 50 is a method of fitting taken from the mast of a 
derrick crane. The bearings are merely dead eyes bolted 





Fig. 51. 

on the edges of the mast timbers. They carry the gear 
shafts, and the shafts for the derricking and the lifting 
barrels. Joggles are cast on to 
assist the holding power of the 
bolts. 

Fig. 51 is a cheek which em- 
braces the jib timbers of a wharf 
or quarry crane, and carries the 
first and second motion shafts, 
and the barrel shaft; Fig. 52 is 
a bracket that is bolted to a wall 
to carry the single gears and drum, 
used for light cranes of the smithy 
and foundry types. The crane 
jib, see Fig. 39, p. 37, is entirely 
disconnected therefrom. 

The second class of cheeks, 
those made of steel plate, are de- 
signed in various styles, though 
plated work does not admit of so many diversities in form 
as cast does. 
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Fig. 52. 
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In some hand cranes, both of the fixed and portable types 
the cheeks are extremely plain, consisting only of a pair of 





Fig. 53. 

rolled joists or channels riveted upright upon the tail girders. 
The bearings are of course bolted to the flanges of the 
channels. In some designs of fixed cranes having no tail 
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Fig. 54. 

girders, the cheeks are bolted to the frames. Fig. 53, the 
lower one of which serves both as a roller casing and jib 
foot. 
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The cheeks in Fig. 54 represent a stage slightly in advance 
of the last. These are for a hand crab, and comprise two 
plain plates, unsupported with ribbing except an angle at 
the bottom. Distance bolts maintain the frames apart, and 
the bearings are of the solid boss type. Fig. 55 shows a 




Fig. 55. 

frame stiffened with an angle running nearly all the way 
round, the rigidity of the bottom edge being ensured by the 
bolting of the roller frame between the cheeks there. Fig. 
56 is a very complete frame, including the tail girder which 
is riveted up to the main plate with a butt strap. Fig. 57 
is the cheek of a crab destitute of its bearings. In every 



56 



HOISTING MACHINERY. 



case angles are riveted to the plates, and the meeting comers 
should be welded, and not abutted merely. 
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Fig. 57. 

The bearings for the shafts differ in form when they are 
cast with cheeks, or bolted to plated frames. Taking the 
first named, examples of solid bearings or dead eyes are 
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seen in Figs. 42, 45, 48, 49, 50, 51. But the divided bearings 
are preferable, and these are usually of a simple type, details 
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Fig. 58. 




Fig. 59. 

of which are seen in Figs. 58-60, each of which is fitted with 
brasses, which is usual in good practice. 
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In Fig. 58 the brasses have shoulders or flanges. To 
prevent them turning round in their circular seatings, a stud 
is cast on one brass, entering into a drilled hole in its 
seating. An oil cup is cast on the cap. Studs are used to 
hold the cap down. In Fig. 59 the brasses have no flanges. 
Both, therefore, have studs to prevent them from sliding 
endwise. In Fig. 60, the cap has no check, but abuts simply 
on the face of the bearing, and the brasses are divided at 





Fig. 60. 



an angle. In many bearings the top brass is square, and 
the cap is a plain plate of steel, a design which is adopted 
for many heavy bearings in high-class work. 

The cast bearings fitted to plated cheeks are variously 
made. The following are the principal methods which are 
adopted for fitting such bearings. 

The simplest occur chiefly in hand cranes, and consist of 
a cast-iron boss of circular or other shape, bolted to the 
face of the cheek, and partly recessed into it, as in Fig. 61, 
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a ring being turned on the casting of about the same thick- 
ness as the plate, to fit the hole bored in the plate. 

Such bearings cannot become displaced. The only 
objection to their use is that no provision exists for closing 
them round their shafts to compensate for wear. But as 
they are generally brass bushed, as shown in Fig. 6i, it is 
easy to renew the bushes. 

There is a second objection, which, however, carries weight 
chiefly in the larger, more complicated cranes. It is that 
the shafts can only be withdrawn from their bearings end- 
wise, when pinions or other parts require renewal, and the 
loss of time involved thus causes inconvenience. In the 





Fig. 6i. 



better class of cranes, therefore, when single bearings are 
attached to plated work, provision is made for adjusting 
bearings and removing shafts by means of caps and brasses. 
The pattern bearing is first fitted round the angle iron which 
forms the edge or fillet of the plate, and the casting is bolted 
both through the angle and the plate. If bolts are used for 
the caps instead of studs, the holes are cored to get the 
recesses for the heads, and reamered for the stems of the 
bolts. 

Fig. 62 shows a circular bearing fitted near the edge of a 
frame, as in the top, or the bottom. This has to be fitted 
round the angle, instead of cutting away the latter, which of 
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course would be inadmissible. Fig. 63 shows a bearing 
fitted against an angle at a straight length, as for a winch, or 
barrel shaft. The boss still goes through the plate, as in 
other cases, to assist in steadying the casting. 

Frequently it is practicable to include two or more 
adjacent bearings in one casting bolted to the edge of a 
plated cheek. This method is extended in other cases to 






Fig. 62. 



Fig. 63. 



the casting of cheeks to include all the bearings required, 
this case being paralleled by those cases previously illustrated 
embracing a post or jib of timber, or plated, an alternative 
to bolting castings on opposite edges. In some instances 
again large cheeks, quite distinct from the rest of the crane, 
carry all the gears, and the cheeks are reduced to horizontal 
channels, or built-up sections of channel or H section. 



CHAPTER V. 

STRETCHERS, CROSS GIRDERS, ROLLER 
FRAMES, AND ROLLERS. 

Fanctions of Cross Girders — The Case of Horizontal Cranes — Fitting 
of Girders and Cheeks — The different kinds of Girders — Post 
Heads — Roller Frames — The Single Frame — Separate Frames or 
Boxes — Front Roller Box — Back Roller Frame — Centre Roller 
Frame — Rings of Live Rollers. 

The larger cheeks, whether of cast iron, or plated, have 
to be maintained at a definite distance apart by stretchers 
or cross girders, some of which also fulfil the function of 
frames or bearings for the rollers by which the slewing is 
performed. It is seldom that a simple stretcher is used 
without utilising it also for some other function, if only to 
carry a boss for a lever. The simplest stretchers are the 
round bolts used for maintaining the sides of small crabs 
apart. With this exception, most, excepting those on some 
of the heaviest cranes, are of cast iron. 

As stretchers, or girders, and cheeks should form a 
practically solid whole, slewing as one piece, this is ensured 
by excellence of fitting together. An exception occurs in 
the horizontal cranes in which the cheeks and roller frames 
are usually in one casting, see Fig. 46, p. 49, though in some 
of these when of heavy type the roller frames are made 
separately from the cheeks. 

When cheeks are bolted up to cross girders, the ends 
of the latter are planed to fit against planed faces on the 
cheeks, and turned bolts passing through reamered holes 
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connect them. From the point of view of workmanship, 
it is desirable and is usual to make all the cross girders for 




Fig. 64. 



a crane of the same exact length, and their facings on the 
frames all of the same height. The girders are then placed 
in a row at one operation, and the facings planed at one 
setting of the toot, in another opera- 
tion, so that no resetting of work or 
tools are necessary. 

An average crane may require from 

two to four or five cross girders. 

Thus, the cheeks in Fig. 44, p. 47, 

require two, those in Fig, 43, five, 

neither of which is a plain stretcher, 

p.. g but fulfils some other duty. The 

principal girders in a crane are the 

post head, and the roller boxes. The first has the weight 

of the superstructure to carry on the post in some cases. 

In others the load is carried entirely on the rollers, and 
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the post head simply steadies the top of the crane, and 
transmits the transverse strain or pulhng strain of the crane 
to the post head. Sometimes tie rods pass through the 
post-head girder, which affords them a good anchorage. 

Figs. 64 and 65 illustrate a post head which sustains the 
entire weight of the superstructure, and receives the two 
tie rods that go to the head of the jib. It fits the side 
frames in Fig. 44, p. 47, the studs a a at the ends entering 




Fig. 66. 

the holes d in the side frames, and bolts unite the head and 
frames through the round flanges. B B are the holes for 
the tie rods, which pass easily through them, with not less 
than J in. clearance, c is the hole into which the top of 
the post enters, and having a hole above for lubrication. 

Figs, 66, 67 illustrate another of a different class, though 
of the same type, namely, that which sustains the weight of 
the crane. This crane has no side frames, but the cheeks 
and gears are on the post, and the latter is stepped into a 
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roller casting that encircles the base of the post, see 
Figs. 17 and iS, p. 17, and turns round it This casting 
is sustained by tie rods passing through the holes a a in 
Figs. 66 and 67, and is hung there- 
fore from the post, while two rollers 
in front are the means by which it 
slews. The holes b b receive the tie 
rods going to the jib head. Fig. 68 
is the centre of a post head in which 
the weight is partially taken on the 
roller path. The head encircles the 
post, but there is no great pressure 
on the end. More often instead 
of using a loose plate like that shown 
above, the hole for the post is cored only a part of the way 
through the girder, but this leaves no means of compensa- 
tion as the rollers and path wear down. 




Fig. 67. 




Rollers are carried in frames or cross girders of varied 
patterns. Fig. 69 shows a case in which no separate frame 
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is used, the roller pins fitting into lugs cast in the post, the 
latter being illustrated in Fig. 19, p. 18. 




In the simplest cranes one roller frame suffices, in the 
larger sizes three or four frames are required. Figs. 70, 71 
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illustrate one of the iirst-named type, carrying four rollers, 
running round the post a, so that in this case the weight of 
the crane is sustained on the top of the post 

This frame fits between its side frames by the faces B B. 



Fig- 73- 

The jib feet are socketed into the seatings c c, which receive 
the thrust due to the load ; pins that pass through the holes 
D D simply prevent the feet from movement in their sockets, 
and do not take any stress. At the hinder end a flanged 
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bracket e is cast with the frame to receive the foot of a 
standard which carries bevel gears for slewing the crane. 

The second-named type, that in which more than one 
roller frame is required, occurs in the larger cranes. A 
common example is shown in Figs. 72, 73, in vertical 
section, and in plan respectively. In these Figs, a is the 
post, B B are the cheeks, and c the roller path and curb ring 
combined. There are four rollers, the front d, the back 
one E, and the side rolls f f. d and e travel on the roller 
path, F F steady the crane round the post. In larger cranes 
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side rollers often run on the path also, but on its flat upper 
face. The three roller frames are indicated by the letters 
G, H, and J ; being front, back, and middle respectively. 
The girder k is a combined stretcher, and bearing for the 
shaft of the pinion l, that engages with the curb ring c. 

The front roller d receives practically the whole of the 
stress. Its frame or box g is shown separately in Fig. 74. 
Its turned trunnion ends a a enter the cast-iron bearings 
M M in Fig. 73, which are riveted to the steel frames, but 
cast with cast frames, as at f in Fig. 43, p. 45. The necks 
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marked ^^ are encircled by the jib feet, one form of which is 
illustrated in Fig. 40, p. 39. The interior of the box g is 
cored out to take the roller, the journal of which runs in 
brasses fitted into the square seatings cc. 




(a) 



Fig. 75. 

The back roller frame h, is shown in Fig. 75. It is bolted 
by its flanges between the side frames, and the roller either 
runs in plain bored holes, or in a top brass, the space for 
which is seen cored in Fig. 75. 
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Fig. 76. 

The centre roll frame j is seen in Fig. 76. It carries two 
rollers, the pins for which fit in the holes in the axis of the 
casting. A facing is shown at a, to receive a bearing for 




Fig. 77. 
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a slewing pinion, this arrangement not being illustrated in 
the general view, Fig, 73. 

Stretchers which do not serve the purpose of heads to 
posts, or frames for rollers, carry lever bosses for sliding 
gears on engine shafts, and other minor functions. 



Fig- 78. 

In the largest cranes of all, roller frames are abandoned, 
and rings of live rollers running between paths of conical 
section take their places. Fig. 77 shows this arrangement 
as applied to a Titan crane. The main rollers a revolve on 




Fig. 79- 



the ends of the radial rods, which are fastened to a centre 
casting u, and the rollers run between the paths c c, screwed 
to the top and bottom circular girders □ n. Intermediate 
rollers E are simply carried between the rings F F, which 
maintain them in proper radial relations. An enlarged 
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section of a path is shown in Fig. 78, and one of a roller in 
Fig. 7Q. The path is formed of steel bar bent to the circle. 
It should properly be turned after bending, but when no 
lathe lar^e enough is available, such paths are planed to a 
bevel first, and curved afterwards. The rollers are iron, or 
steel castings, and the holes shown at a a, of which there are 
four, are for getting the core out through. Only large 



Fig. 8a 

rollers are cored out thus, those of medium diameter being 
dished in the way seen at d E, in Fig. 72. Those of small 
diameter are solid discs, as in Fig. yr. 

Sometimes cranes of lai^e dimensions have a bottom 
roller path only, and then the rollers may be carried as in 
Fig. 80, in bearings attached to a circular girder. They are 
cast hollow, and revolve on their pins, which are prevented 
from rotating by a nib next the collar. 



CHAPTER VI. 
THE BASES OF FIXED CRANES. 

Two kinds of Crane Bases — Two Classes of Fixed Foundations — 
Shallow Foundations — For Derricks — For Wharf Cranes — Deep 
Foundations — Washer Plates — Standard Base Plate — Foundations 
for Ships' Cranes. 

The bases of cranes are fixed, or portable. In a fixed 
crane stability depends upon the foundation, in a portable 
crane on the relation which the wheel base, and gauge bear 
to the radius, and load, or to an artificial base formed by 
blocking girders, or to the holding power of rail clips. 

When a base is fixed it is termed a foundation, when 
portable it is a truck, or carriage. 

Fixed foundations are of a varied character. They may be 
divided broadly into two classes ; those in which the post 
goes no further down than the base plate, or the ground 
line; and those for deep posts. Another division is that 
of cranes the posts of which are rigidly fixed, the super- 
structure alone revolving, and those in which the posts 
revolve, the superstructure being attached to and revolving 
with them. The latter is relatively a small class. 

Foundations of the shallow type are shown in Fig. 8i, 
as used for derrick cranes, a goes under the mast, and b b 
under the anchorages of the guys, a is subject to a down- 
ward pressure. At b b the tendency is to lift upwards or 
downwards, according to the position of the jib. When a 
load is lifted with the jib in line with a backstay, then the 
stay is in compression and the efiect on the foundation 
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block is compressive. The foundations are of stone or 
concrete. The footstep casting of the post is bolted down 
on A, the tails of the sleepers are secured by the bolts which 
go down to the bottom of b b. The foundations are larger 
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Fig. 8i. 



and deeper for b b than for a, being 5 ft. square and 4 ft. 
deep for a 5-ton crane, with a 38-ft. jib ; the centres of the 
sleepers being 23 ft. away from the post centre. 

The increase in the mass of foundations which is rendered 
necessary by increase in the size of cranes is illustrated 
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in the next figures 82 and 83, which represent respectively 
those for the post and guys of a 30-ton crane. The centre 
casting a for the post is embedded in a mass of concrete 9 
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Fig. 82. 

ft. square and 4 ft. 6 in. deep. The sleeper bolts, Fig. 83, 
pass down through a mass 9 ft. square by 8 ft. deep, in which 
the precaution is also taken of sloping the faces inwards in 







Fig. 83. 

dovetail fashion. The bolts in each case pass down through 
the concrete to the bottom, through broad washer plates. 
The centre casting iA Fig. 82 not only carries the mast 
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pivot, but also the slewing or curb ring, the latter being 
bolted down on the top faces of the half-dozen bosses 
distributed round the circumference of the plate. 

A common type of surface foundation used for wharf 
cranes in which the post is fixed, and the superstructure 
slews, is shown in Fig. 84. It is a circular casting laid 
upon concrete, or masonry, or heavy timber, and bolted 
down with four long bolts passing through the lugs a a a a. 
The face b receives the curb ring, and the centre hole c the 
post. • The stress on such a casting is constantly changing 




Fig. 85. 

as the superstructure rotates, the side next the load being 
compressed, and that opposite tending to lift. The bolts 
are calculated for tension, but the casting is designed to 
withstand mixed stresses, for which experience is the only 
safe guide. When such castings fail they generally rupture 
at or near the central boss, due to the leverage of the load 
at the post head. It is highly essential that the bedding of 
the base on its foundation is perfect everywhere. 

The usual pattern of deep foundations is that in which 
two broad plates, — the base plate, and foundation plate — are 
united with long bolts going down through concrete, Fig. 85. 
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The foundation plate a is buried deeply in this, and the 
base plate b lies level with the ground. Great depth is 
necessary to afford the required stability. The crane post 
c is carried down and stepped into the bottom plate. The 
stresses on the foundation plate are very severe, and the 
central boss is made correspondingly strong, as are also the 
plated portions, and these too are stiffened with deep ribs. 
The bolts are calculated for tension, and therefore work out 
of large diameter. 

The foundation plate is often omitted, and washer plates 
substituted, similar to those in Figs. 82 and 83. A washer 
plate is shown in Fig. 86 with its bolt head. The neck of 




Fig. 86. 

the bolt is made square to prevent it from rotating during 
the tightening of the nuts at the top. When foundation 
plates are used, cottared ends are often substituted for 
square necks on the bolts — an example of which is seen in 
Fig. 85. 

A standard type of base plate for light cranes and those 
of moderate power is shown in Fig. 87, in plan, and cross 
section, with the curb ring bolted upon it, and with a portion 
of the post. The recesses for the nuts of the long bolts 
which are tightened with a box spanner are seen at the 
corners, compare with Fig. 85. The broad solid plate is 
well ribbed, which with its concrete bedding renders it very 
strong. 
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Fig. 87. 
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Cases arise in which neither concrete nor stone founda- 
tions can be made use of. Cranes put on ship board, and 
the floating cranes, are illustrations in point. Then the 
foundation goes down to the keel plates, or to lower decks, 
and vertical plates and diagonal bracings afford support 




Fig. 88. 



immediately beneath the base plate, as shown in Fig. 88. 
In ships' cranes the loads of which do not exceed 2 or 
3 tons, it suffices to bolt the base plate on the upper 
deck, and the footstep for the post on the deck beneath, 
without using any bracing. 



CHAPTER VII. 
THE BASES OF PORTABLE CRANES. 

Stability of Trucks — Angle of Upset — Methods of Construction — Trucks 
of Cast Iron — Plated Trucks — The Centre Castings — Completely 
Fitted Trucks — Cross-over Wheels — The Travelling Wheels — 
Wheels of Cast Iron— Chilled Wheels— Steel Tyred Wheels- 
Wheels for Double Rails — Stresses on Wheels — The Bearings of 
Trucks and Axles — Axle Bearings — Toothed Gearing— Blocking 
Girders — Rail Clips. 

The trucks, which are the bases of the portable cranes, are 
subject to much variation in design. But any crane is, or 
should be, calculated to lift its maximum load at maximum 
radius when the jib is in a longitudinal position, — that is, 
in line with the wheel base of the truck. Few cranes except 
those of very short radius, or of specially wide gauge, will 
lift similarly across the gauge, or at right angles with the 
first-named position. Between these two extremes there is 
an angle at which the stability of the crane becomes insecure 
— the angle of upset — with which the crane driver should 
be familiar, in order to know how far round he may safely 
lift without having recourse to artificial aids to stability, as 
rail clips, and blocking girders. Of late years the excessive 
use, or rather abuse, and the too frequent necessity for 
recourse to these fittings has been objected to, and as a 
result cranes are now demanded and supplied of more stable 
character, so that except in those of long radius, the lift in 
numerous cases can take place in any position, without re- 
sorting to the use of girders, or rail clips. 

The construction of trucks is varied in the following ways. 
Some few are made of timber framing, with a centre piece 
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of cast iron into which the post is stepped. In many 
standard cranes of low and moderate power, cast iron is 
used wholly for the framing, including its centre boss, roller 
path, and axle bearings. But in the best cranes of moderate, 
— and in all those of high capacity, — the framing is steel- 





Fig. 89. 



plated with the centre only of cast iron, and the axle bearings 
are cast, and bolted on. Many trucks are made to perma- 
nent way requirements, with axle boxes, springs, buffers, 
&c. Many are made with two sets of wheels, — one within 
the other, — to adapt the crane to two different gauges. Some 

F 
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are constructed with two sets of wheels at right angles, for 
cross travelling. 

A standard truck made wholly of cast iron, and suitable 
for cranes of standard gauge, — ^namely 4 ft. 8^ in., and up 
to about 5 tons capacity, — is shown in Fig. 89. The bed 
is in effect a girder, supported on the axles at the centres, 
aa^ — the overhanging ends being of no account. The 
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Fig. 90. 

bottom flange is in tension, the top one in compression, 
which explains the greater width and thickness given to 
the bottom flange over the top one. a is the facing on 
which the curb ring is bolted, bb are facings on which 
brackets are bolted to carry the shafts for the travelling 
gears. The bearings cc are cast with the bed, and fitted with 
cast-iron caps. Brackets above the bearings aflbrd support 
to them. The brackets at the ends are fitted to support 
the bottom flanges there when blocking girders are in use. 
Fig. 90 is an illustration of a built-up truck as it leaves 
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the plating shop in readiness to receive its cast-iron fittings. 
It is typical of forms of the same general design, in which 
details are modified. In the figure a a are rolled joists of I 
section. But in heavy cranes, though the same section 





Fig. 91. 

would be retained, the sides would be built up with plate 
and angles, as being a form that corresponds more closely 
with the nature of the stresses imposed, as may be seen in 
diagrams of moments of inertia for the I section. A bed of 
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this kind is seen in Fig. 93, p. 85. Sometimes the section 
is that of a channel, either rolled, or built up, just as the 
ends B B are in Fig. 90. Rolled sections c c (or built-up ones) 
connect the sides a a, with angles a a^ away from the ends, 
and in positions which are determined by the centre casting. 
Such a frame would in itself be subject to cross working, 
and require bracing, but for the fact that the centre casting 




Fig. 92. 

renders it very rigid. This casting fits upon the top flange, 
and between the sides a a, and cross girders c c, — see Fig. 
93. The dotted outlines indicated at ^^ simply denote 
cover plates, covering those openings which are not occupied 
by the centre casting. The whole of this framing is secured 
by rivets. 
Two typical forms of centre castings are shown in Figs. 
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91 and 92. That in Fig. 91 is designed for bolting on a 
truck like that illustrated in Fig. 90, — its relation to the 
plated work being seen in Fig. 93. It is secured with bolts 
passing down through the holes seen in the plan view, and 
security depends mainly on these bolts, though a fillet a 
against each edge fits closely to the inner edges of the side 
girders. But the centre in Fig. 92 fits by the strips 
a a a down the entire depth of the girders, which in this 
case are of C section, and the top flange is reduced to a mere 
fillet by the edge of which fits on the top edge of the C 
section. Tl\e frame is secured to the plated work with bolts 
passing through its sides a. Both castings carry facings for 
the curb ring, the centre boss for the post, and a facing or 
facings for the travelling gears. It is usual to make the 
bottom flanges in Fig. 92 thicker than those in the top, but 
it is not necessary in a casting so well ribbed. The parabolic 
outlines of the ribs in Fig. 91 are a substitute for bottom 
flanges, giving a deep section where the stress is greatest. 

Fig. 93 is an external view of a truck a, built up with 
plate and angle, and fitted with its bed b, travelling gear, 
blocking girders, &c. The centre bed is of the type shown 
in Fig. 91. -The curb ring c is bolted upon it, of a section 
shown in Figs. 142 or 143, p. 142. 

The bevel gears transmit the travelling motion derived from 
the upper portion of the crane, through the hollow post, see 
Fig. 21, p. 20. A shaft that comes down the post has the 
mitre wheel d upon its lower end. This drives e and the 
shaft F, on which are the pinions g g, each driving its wheel 
H, situated to right and left of the shaft f, and each keyed 
on its axle j. The shaft f is carried in the bearings k k, 
bolted to facing pieces on the bottom of the centre casting. 
On the axles j the tyred wheels l l are keyed, m m are 
blocking girders, supported in the stirrups n n. Buffers, draw- 
hooks, and chains complete the truck. The blocking girders 
and rail clips are treated at greater length at pp. 93 and 94. 
In the meantime a truck of another type is illustrated. 
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Fig. 94 is a cast-iron truck fitted with two sets of wheels ; 
— the regular set a, and a special cross-over set b, used when 
the crane has to be transported to another set of rails which 
are not connected with turntables. The cross rails are laid 
temporarily in place over the others, the crane being jacked 
up, or lowered. In heavy Goliaths which are sometimes 
fitted in this way, the wheels alone are raised or lowered by 
screwjacks fitted to the bearings. In this example, blocking 
girders c c are fitted, and also rail clips D D, for an account 
of which see pp. 93 and 94. 

The travelling wheels of trucks are variously made. They 




Fig- 95- 

are of cast iron or steel, with arms, or solid plates. They 
are of wrought iron, built up like railway wagon wheels, and 
are made with cast iron, or steel centres, steel tyred. Cast- 
iron wheels are only used for the cheap cranes of low power. 
Fig. 95 illustrates a cast-iron wheel suitably proportioned, 
but it is not a type to be recommended for any cranes of 
over a ton, or 30 cwt. power. The reason is that the 
arms are very liable to fracture, either next the boss, or next 
the rim, under the shocks of severe duty. They are better 
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if made in steel, but steel is subject to severe shrinkage 
strains which are a source of weakness. 

The proper form of cast-iron wheel is that with the solid 
plated centre, Fig. 96, in which the ribs may or may not be 
retained. They help to support the rim, and if omitted the 
web should be thickened. 

The treads of these wheels are subject to rapid wear, 
which is not equal all over, but produces deep grooves. 
This results in irregular running, and ultimately in fracture. 
If the rims are made thicker to leave allowance for re-turning, 




Fig. 96. 



then they become too thick to permit of regular and equable 
shrinkage, and this is liable to set up internal tension that 
may produce fracture in service. 

A device formerly employed to a greater extent than it is 
now, was to chill the treads, in order to delay the grooving 
action of the rails. Figs. 97 and 98 are illustrations of such 
wheels. In the first the chilling is deep, hence the rim is 
made thick to afford a good backing of soft metal, and the 
web is made thick also to ensure equal cooling. But such 
wheels are never trustworthy, being liable to fracture, — part- 
ing in halves due to the extra shrinkage and tension round 
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the rim set up by chilling. The wheels In Fig. 98 are little 
better, though in theory the dishing of the web should offer 
little or no resistance to the shrinkage of the rim. When 
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these fracture they fail by the web or the boss breaking 
clean away with a circular fracture. Properly such wheels 
should have double webs, with cored spaces between, but 
the number required of them does not warrant the expense 



Fig. 98. 

of their manufacture, and the desired object is attained in 
a more reliable and efficient manner. 

For the majority of good cranes used, whether of low 
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power OT high, the steel tyred centres, Fig. 99, are used. 
They are strong, safe, and very durable, — conditions which 




Fig. 99 



are highly essential in heavy trucks. The tyres used are 
of Bessemer steel. The centres are of cast iron, or of cast 
steel, and Ihe tyres are shrunk on, usually without further 
aid from tyre bolts, — the tightening 
of the tyre due to shrinkage as it 
cools around the centre, and the 
shallow check, being sufficient to 
retain it in place. 

Wrought-iron built-up wheels are 
now only used when the cranes are 
required for permanent way, with 
spring axle boxes. 

In the illustrations shown, the 

wheels are designed for running on 

single rails only, and these are 

employed in cranes as large as 30 

to 50 tons capacity. At, and beyond 

these powers, double lines of rails 

Fig. loa ^'■^ usually required, and then the 

wheels are made with the flange 

central, to run between the rails as in Fig. 100. They are 

cored out hollow as shown, or sometimes plated and ribbed. 
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The particular example shown is taken from a German 
crane, in which the ground wheels are driven by a worm, 
and worm wheel. 

The stresses on wheels are calculated for simple crushing 
of the material. The total moment of the crane, loaded at 
maximum radius, is reckoned as coming on the total cross 
section of the number of wheels upon which it may be 
concentrated, in the worst possible position. This may be 
one only in a rotating crane, two in a Goliath or crab. 





Fig. loi. 

The bearings in these trucks are differently made, according 
to circumstances. For ordinary service about yards and fac- 
tories they are simply divided, — of the plummer block type, 
— as in Figs. 89 and 93, pp. 81 and 85, and used with or with- 
out brasses. The thrust of the axles is always upward, and 
therefore when brasses are used it is a frequent practice to 
insert one half brass only in the top, making the cap wholly 
of iron. The cap is really nothing more than a keep, and 
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it need not even be shouldered into the 
block. Many cheap cranes are not even 
fitted with caps, but plain dead eye 
bearings, as in Fig. 102, are used. In 
cranes used on permanent way, axle bear- 
ings in horn blocks, and with springs, are 
fitted. Many heavy cranes for yard and 
factory service are also fitted thus. The 
springs relieve the truck from severe stresses 
due to shocks on uneven tracks, and should 
be employed therefore in high- class cranes 
of great power, and subject to severe duty. 

A special form of bearing used for 
Titans, and heavy Goliath cranes, is shown 
in Fig. 10 1. The main body of the bear- 
ing A is bolted to the sills of the bottom 
girders. The bearing proper b is fitted 
within this by vertical guiding edges, seen 
in the plan view below, and the upward 
reaction of the axles is resisted by the 
volute springs which fit in recesses cored 
in A. 

The area of axle bearings is calculated 
on a minimum pressure per square inch, 
which varies with manufacturers' ideas, 
but the allowance is usually higher than 
that for rolling stock. The stress on 
axles is calculated by the method ex- 
plained in Chapter VIII., p. 103. 

There is a considerable amount of 
toothed gearing attached to the trucks 
for the operations of the travelling wheels. 
The amount of these fittings varies in 
cranes of different sizes and types. The 
gearing is generally worked from the same 
engines on the side frames, which lift the 
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loads, slew, &c. But occasionally engines are attached to 
the truck for the special purpose of travelling. This is only 
done in the case of cranes of high power, say from lo to 
15 tons, and upwards. The general questions relating to 
gearing will be found treated in Chapter X., p. 130. 

Of vital moment in the stability of most portable cranes 
is the artificial assistance derived from blocking girders, or 
from rail clips. Blocking girders, m. Fig. 93, p. 85, c. Fig. 94, 




Fig. 103. 



p. 85, increase the base of the crane. Rail clips, seen at 
A in Figs. 102, 103, and at d. Fig. 94, p. 85, bind the truck 
fast to the rails, and so prevent it from upsetting when the 
angle of upset is passed. These devices are variously 
modified, but the essential elements are present in these 
figures. 

The blocking girders are in their simplest form rolled 
joists of I section, of a sufficient length to ensure the stability 
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of the crane when lifting maximum loads across the track. 
They are supported loosely in straps as shown, and in 
these figures they are in a single length, so that they always 
stand out on each side. When this is objectionable, they 
are made of telescopic form, to slide in and out, or they are 
hinged, to lay close to the truck when not in service. In- 
stead of girders, broad blocks operated with vertical screws in 
sliding bearings standing out from the sides of the truck are 
sometimes fitted, the blocks being lowered to rest on the 
ground when required. Timber packing is laid beneath 
the ends of the girders which are shown in the figures. 
Sometimes customers will have both rail clips and blocking 
girders fitted to cranes, as in Fig. 102, to be able to use 
either at discretion, or that which happens to be more 
convenient. 

The usual form of rail clips is shown in Fig. 103. Each 
pair of clips a is suspended from a plate b bolted on the 
truck by the screwed loop c. When not in service they are 
elevated by the screw. When required they are dropped 
into place, and secured by letting the loose clip d drop over 
them. 



CHAPTER VIII. 
THE FRAMES OF TRAVELLING CRANES. 

Definitions of Travelling Cranes— Variations in — Materials — The Place 
of Timber —Its Disadvantages — Trussed Beams — Details of same — 
Stresses in Simple and Compound Trusses — Stresses on End 
Cradles— Wheel Base — Stresses in Wheels and Axles— Traveller 
Frames — The Place of Rolled Joists — Built-up Girders— Sections 
of Beams — The Importance of Reduction of Weight — Rigidity — 
The Bridge Type of Girders — Various Fittings of Wheels and 
their Bearings — Relative Positions of Main Girders and End 
Cradles — Goliath and Gantry Framings — Definitions — Timber- 
framed Goliath — Steel-framed ditto — Framing of Gantry Crane. 

Under travelling cranes we include all those which come 
under the class of Overhead travellers, of Goliaths, and 
gantries. The term is applied exclusively to these, notwith- 
standing that the portable cranes with trucks travel on rails. 
But the term portable, — or the term locomotive, also applied 
to these, — distinguishes them from the travelling cranes. The 
distinction is purely conventional, but is always understood. 
In so large a number of designs as those which exist in 
the frames of travelling cranes we naturally find a great deal 
of variation in the forms of the frames. These are too 
numerous to be adequately dealt with in an elementary 
work. The treatment of stress problems alone, apart from 
the mechanical details, would occupy a volume. Those 
who desire to study them may consult any standard work on 
statical problems. In the drawing office the moment of 
inertia of sections is calculated, or more often is taken from 
books of reference. The questions of span and of trussing 
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are determined by calculations, excepting sometimes in 
girders made of plain rolled sections for which the section 
books of manufacturers are consulted. It must also be 
borne in mind that when firms are always constructing 
travellers, standards are evolved by which the labour of 
calculation is rendered unnecessary for any cranes identical 
in span, and conditions of loading. Bearing these several 
facts in mind, our remarks may be condensed on practical 
matters. 

Practically but two materials are employed for the frames 
of travellers, — timber, and steel. For many years wrought 
iron was employed, but it is now largely displaced. With 
regard to the merits of the two materials, though some very 
large traveller girders have been constructed of timber — up 
to 45 tons, within the writer's experience, — yet it is not held 
in so much favour as formerly. The reasons are these : — 
That large balks of timber are not very readily obtained in a 
perfect condition of soundness, straightness of grain, and 
freedom from knots. That since steel came into general 
use, the choice between steel and timber is greatly to the 
advantage of steel, by comparison with that of the choice 
between iron and timber. Iron was never rolled in such 
massive sections as steel is, and therefore iron girders were 
built up in a larger number of pieces than steel, costing, 
more for labour. And there are many travelling cranes 
for which rolled steel joists are obtainable of dimen- 
sions sufficiently large, — rendering unnecessary any cost for 
building up. 

But timber is of value, and is preferred in the following 
cases : — When a firm of builders purchases one of the sets 
of ironwork which are supplied by many crane firms, and 
constructs their own timber framings. When the cost of 
shipment abroad of heavy steel girders would be prohibi- 
tive, the ironwork for the crab and travelling gears is 
shipped, ani' the timber work constructed on the spot. 
This is the best plan to adopt in Tasmania, Vancouver, 
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and some other districts where large 
timber trees grow. But it cannot be 
adopted in tropical countries where 
ants and other insects commit great 
ravages in timber. Generally when 
this material is selected it is on the 
ground of economy, because it costs 
less than steel. In the smaller travel- 
lers, however, this difference need not 
be great. 

Disadvantages in using timber are, 
that it is subject to decay, delay in 
which is mainly a question of proper 
care and protection, and that in the 
case of overhead travellers the beams 
have to be trussed. Steel girders are, 
with few exceptions, self-sustaining. 

Fig. 104 illustrates the timber-trussed 
framework for an overhead travelling 
crane. It must be borne in mind in 
this and other illustrations to follow 
that there are many details in design, 
though but one example can be shown. 
For instance, though here both the 
main beams and the end beams are 
of timber, it is as frequently the 
practice to attach cast-iron end beams, 
or "cradles," to timber, so making a 
composite framing. 

Though this structure has a simple ap- 
pearance, there are a number of matters 
to be considered in the design. First 
of all, there is the span a, or distance 
from centre to centre of the running 
wheels, which is governed by the width 
of the gantry, which again usually de- 
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pends on the width of the shop. This in turn determines 
the length of the wheel base d, Fig. 105, which must be 
sufficiently long, — usually in the proportion of about i to 5, 
or 1 to 6 of the span, — to prevent risk of cross working of 
the traveller on the rails. On the span depends the propor- 
tion which the depth of the main beam b, Fig. 104, bears to 
its length and section. This, however, while absolutely 
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Fig. 105. 

correct in steel beams, is only approximately so in timber 
beams, because in these the stresses must be translated 
through truss rods; — timber of reasonable depth alone 
being insufficient. The method of trussing, moreover, affects 
the result. A truss maybe simple, see Fig. 106, or com- 
pound as in Figs. 104, 107, 108. Then the weight of the 
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Fig. 106. 



girders themselves, and of the crab and its load, and its 
position, has to be considered. The length also of the wheel 
base D affects the stresses on the end cradles c, in Fig. 105. 
Looking at Figs. 104, 105, we see that two timber beams 
B B, of square section, are carried on end beams c c of 
timber, and the latter on flanged wheels. Properly, of 
course, a girder section should measure considerably more 
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in depth than in width, to correspond with the stresses, and 
this rule is universal when steel girders are employed. But 
in timber it is more convenient to use square balks sufficiently 
wide to ensure stiffness in the lateral direction, and to pro- 
vide for the necessary strength depthwise by trussing. 

Cast-iron connections are necessary for the truss rods. 
These comprise two struts e e, in the double or compound 
truss, by which the rods are carried down to the proper 




Fig. 107. 

depth, and anchorages f f at the ends, which are fitted over 
the timbers, and against which the tension of the rods is 
adjusted with nuts. In the compound truss, iron plates g g 
are required to receive pins that pass through the timber 
beams, and secure the bracing rods thereto. In many 
cheap cranes the struts e e are made of timber. Another 
variation is the use of flat bars instead of round rods for the 
truss members: 




Fig. 108. 



It is usual to estimate the strength of a trussed beam 
when the load is at the centre, which is the position of 
greatest stress. In a compound truss, however, the counter- 
bracing is not stressed when the beam is centrally loaded, 
so that it is necessary to estimate the effect of the load when 
the counterbracing is loaded at its maximum, which occurs 
when the load is over one strut. 
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In a simple truss the stress is reckoned as in Fig. io6. 
By the parallelogram of forces we see that a total load of say 
4 tons imposed on the centre would produce a reaction of 
2 tons on each end support. Measuring down 2 tons on a 
scale, drawing a horizontal to meet the truss rod, and 
measuring the diagonal, we have 9^ tons tensile stress on the 
truss rods. There is also 9 tons compression on the beam. 
Breaking loads with ample margins of safety are deduced 
from these. 

Taking the compound truss in Fig. 107 and loading it with 

4 tons centrally, the tension on the main diagonal rods is 

found to be 6 tons. The compression on the beam will not 

be as in the previous case. To obtain it, multiply the 

reaction at one end by half the span, and divide by the depth 

of the truss. Say the span is 40 ft., and the truss depth 4 

ft. in the middle, then the compression on beam and bottom 

tie rod is — 

2 tons X 20 ft. 

^-ft^ = 10 tons. 

The compression on the struts is ascertained by dividing the 
load on the beam by the number of struts. Thus — 

4 tons 



2 struts 



= 2 tons. 



When a beam is loaded away from the centre, the 
reaction on the supports will be in inverse proportion to 
their distance from the load, or in other words the end 
supports will be loaded the more as the load approaches 
more nearly over them. Thus if the load of 4 tons is in the 
position shown in Fig. 108, at one-third of the span away 
from one end, the load on a will be 2.66 tons and that on b 
1.33 tons. But the loading shown alters the strains in the 
tension rods, as is seen by the diagrams in Fig. 108. The 
counterbracing rods a and b are alternately in tension 
as the load moves away from one end to the other of the 
traveller beams. The maximum intensity of the stresses 
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occurs when the load is directly over a strut, as shown in 
Fig. 1 08, when a is the member in tension. 

To obtain the various stresses, the reaction at the end a, 
due to the full load of 4 tons at c is set off from a scale = 
2.66 tons, and a horizontal drawn. The stress on the 
diagonal at that end is found to be 8J tons. At the other 
end the stress on the fellow rod is reduced to 3I tons. The 
stress on the diagonal a for the position shown is obtained 
by marking the compression on the further strut d=^ that on 
the end support b next it, — namely, 1.33 tons. Draw a line 
from its termination parallel with the counterbrace a. Its 
length then equals the stress on a, namely 3f tons. The 
horizontal line gives the stress on the horizontal tension bar = 
l\ tons. 

uJ 
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Fig. 109. 

The stress on the end cradles, Fig. 105, is calculated as that 
for a beam supported near the ends, over the wheel centres, 
or wheel base d, and loaded at the points where the main 
beams b b come on. The load of the beams is included, and 
also that of the crab and its load, and is reckoned as being 
in the most unfavourable situation, close to the end beams 
near a cradle. Fig. 1 09. 

To find the load at b in Fig. 109, multiply the total 
weight of the crab and the maximum weight lifted, by the 
distance tf, and divide by the span b. If the load is 6 tons, 
the distance a 30 ft., and the span 35 ft., then — 

6 X 30 

= 5.1 tons at B. 

This is carried by two main girders, and therefore but 
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half this amount is sustained by one girder, or rather over 

2^ tons. Half the weight of one main girder is added to 

this. Call this i ton, — the result is that 3I tons are loaded 

on each end girder in Fig. 105. We thus have 3^ tons at b 

tending to bend the end cradles around the wheel axles, 

that is — 

3^ tons X 24 in. = 84 in. tons. 

From this bending moment suitable dimensions are ob- 
tained by making use of the modulus of the section used. 
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Fig. no. 



Fig. III. 



and which is applicable to all sectional forms, as described 
in various text-books. 

The length of the wheel base is in well-designed cranes 
not less than one-fifth, or one-sixth of the span. Many of the 
older travellers were badly designed in this respect, and the 
wheel flanges frequently broke, due to cross working, com- 
biiibd with' too free a fit between the flanges and rails. 



STRESSES ON WHEELS AND AXLES. 



103 



The stresses on the wheels and their journals are cal- 
culated as indicated in Fig. 1 10. Each wheel is taken as 
loaded with half the total weight of the crab and its maximum 
toad, and with half the load of the main girders, and is wholly 
in compression. The remarks made in reference to crane 
wheels, pp. 87 to 90, apply generally to those of travellers, 
except that the wheels of travellers are double flanged, Figs. 
Ill, 112, to prevent risk of iheir running off the rails when 
getting crosswise. But they are made with arms, or plated, 
and steel tyred. Sometimes they are chilled, but it is better 
to use tyred wheels turned on the treads. Cast-iron wheels 
are sometimes ground on the treads. 




With r^ard to the axles. Fig. 1 10, these are calculated 
as beams of two kinds. I'hus, the diameter of that portion 
which goes in the wheel boss is estimated as a beam having 
a span equal to the distance a between the bearings, in Fig. 
no. But it is important that the boss should just occupy 
the space between the bearing faces in order to distribute 
the load over the axle. Actually the axles are made larger 
in the wheel boss than the calculation would give, for con- 
venience of manufacture. The diameter of the axles is 
obtained by taking the load on the bearing, and considering 
that the axle will be subject to bending. Thus, if the bearing 
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were 4 in. long and subjected to a load of 4 tons, the bending 
moment would be — 

4 tons X 2 in. = 8 in. tons. 
Dividing this by 6 tons per square inch for steel, we have — 

and from this modulus of section, the diameter of a round 
bar of suitable size is obtained from tables. 

The stress on the wheels due to cross working of the 
frames sometimes causes their axles to grind hard in their 
bearings. This may be prevented by making the axles fast 
in their bearings and letting the wheels run loosely on them. 

Fig. 112 illustrates the practice of Messrs Joseph Adamson 
& Co., of Hyde, Cheshire, in fitting the wheels of their over- 
head travelling cranes. The method adopted by most firms 
is to cast the travelling spur gear with the cast-iron wheel, 
or if tyred wheels are used, to key both on their shafts. 
Messrs Adamson cast the wheel centre in one with the 
toothed gear blank, and shrink the tyre on the latter, so 
avoiding the tendency of the wheel to work loose on its key. 
Also, since the load on the outer end of the axle is greater 
than that on the inner end, the axle is enlarged there. A 
self-oiling device is employed. The axle revolves in a gun- 
metal bush, the under side of which is cut away to be in 
communication with the lower part of the pedestal, forming 
a reservoir for the oil, which is constantly carried up against 
the axle by a wooden roller that floats on its surface, and 
is retained underneath the axle by guides cast within the 
chamber. A flap door gives access to the chamber. 

The employment of iron and steel for traveller frames 
affords scope for a large variety in design and dimensions. 
They are suitable alike for travellers the power of which 
ranges from half a ton to a hundred tons or more. Iron is, 
however, as already remarked, little used now, having been 
mostly displaced by steel. 

Rolled steel joists of H section are used in the lighter 
class of overhead cranes. They are extremely handy, because 
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they are ready for immediate service without any expenditure 
for labour, except the drilling of bolt holes at the ends, and 
the attachment of rails on top. The strength of these is 
calculated from the moment of inertia of a given section, 
and the span. 

The simplest type of beam is that shown in Fig. 113, in 
which a single joist is supported on two end cradles made of 
cast iron, and which carry the travelling wheels. Of course 
such a crane carries no crab, but a jenny only. The jenny 
wheels may run on the top flange, or on the upper faces of 





Fig. 113. 



the bottom flange. Both systems divide favour, and this 
type of crane is in great request for loads which do not 
exceed from about half a ton to a ton. The jenny carries 
pulley blocks of numerous types, hand operated, differen- 
tial, or electric. 

An advance on this is the arrangement of two parallel 
joists bolted on two end joists of similar section, though 
shallower, and in which the traveller wheels are carried in 
bearings of various forms. Figs. 114, 115. Such a design is 
suitable for any travellers of moderate power, but is not 
recommended for the heavier types, for these reasons : — 
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A parallel section is not the most economical of material, 
and does not contain the minimum of weight for a required 
strength. Where a rolled joist becomes objectionable, be- 
sides its uniform weight, is in long spans where its com- 
paratively small width gives no decent resistance to transverse 
loading, due to the inertia of starting and stopping a crane. 
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Fig. 114. 

With regard to the section of a beam taken longitudinally, 
this should properly be composed of two parabolas, the broad 
ends of which would meet in the centre of the beam, for 
reasons which are well understood. Nearly all girders of 
great length, therefore, are built on this model, and usually. 
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Fig. 115. 



though not invariably, with the curve or camber on the 
lower edge. Such beams require no trussing, but parallel 
beams of great length would, unless made of excessive depth; 
or unless two beams were superimposed to form a compound 
girder— a wasteful disposition of material. Frequently a 
shallow joist is reinforced with a truss, as in timber. 
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In the typical lish-bellied plated girder in Fig. 116, the 
various members are indicated by lettering. As neither 
plates nor angles are rolled in the lengths required for 
traveller girders, these have to 
be built up. The web a is '''■ — 

made in several lengths, abut- 
ting at the joints a— a on each 
side of the centre. At the 
centre the top and bottom 
flanges B are jointed at 6 b. 
These joints are covered with 
broad plates riveted across the 
vertical joint a, by the plates 
c £, and the joints b with the 
plates d. The angles c c 
jointed at D D are united with 
covering angles e e. The im- 
portant point is that none of ** ** ^ 
these joints are made in the <» 
same locality, but always at "< 
different planes, "breaking the 

. joint," as the term is. At in- 
tervals vertical sliffeners e e 
are riveted down. 

Generally a cambered beam 
is solid plated, and a solid plate 
does not contain the metal in 
the most economical form. 
During recent years, therefore, 
crane-makers have borrowed 
ideas largely from the bridge- 
builder,and constructed beams 

. of parallel and cambered form 
with lattice bracing, so saving metal over the plated 
design, while disposing struts and ties approximately in the 
directions in which the stresses are transmitted. The 
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result is a lightening of girders without diminution of 
strength. 

With regard to the section of a beam taken in the 
vertical direction, a study of the problems involved in the 
moment of inertia of a section shows that the maximum 
stresses occur on the top and bottom of a symmetrical beam, 
and diminish to nothing at the neutral axis. From this the 
deduction is obvious, that flanges should not be of uniform 
thickness, and that webs should not be heavy at, and near 
the centre. These conditions are approximately fulfilled 
in rolled joists, and may be more closely approximated to 
in girders which are built up with webs and angles, or 
with angles and tees and bracing, because the metal can 
be massed where wanted most, and diminished about the 
central parts. 

In case it might be supposed that overmuch attention has 
been given to the correlation of material to stresses, it is well 
to point out that the question is less one of cost, than of 
weight. It costs more to build up girders than to use rolled 
joists. It would generally cost more than the value of the 
metal saved. But that is hardly the point at issue. The 
dominating fact is, the reduction in the dead weight of 
the travelling crane. By lessening this, the stresses on the 
travelling wheels and axles are lessened, and less power is 
required for operating, a point of much importance in the 
high-speed travellers which are now so common. 

But the designing of girders is not quite so simple a 
matter as this. Two other points have to be settled, 
— rigidity depthwise, that is, as opposed to buckling or 
crumpling, and rigidity sideways, to resist the lateral stresses 
which are produced by the rapid longitudinal movement of 
the crane. 

Rigidity depthwise is imparted by the vertical stiffeners, 
usually of tee section, which are riveted down the webs at 
intervals. Rigidity sideways is imparted in two ways. In 
one the top and bottom flanges are widened. In the 
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heaviest cranes the box girder is used, which is practically 
two girder webs placed at a few inches asunder, and riveted 
thus with top and bottom flanges. 

In the bridge type of girder built with bracings, a prac- 






Fig. ii8. 



Fig. 119. 



tice which has been growing recently is to attach lateral 
bracing to the outsides of the main girders. Figs. 117-119. 
This also serves as a platform. It combines great lateral 
rigidity with lightness, and is a suitable design for the 
modern high-speed travellers. 





Fig. 120. 

A special type of girder is that of Messrs William Sellers 
& Co., of Philadelphia, in which the crab riftis between the 
sides. Fig. 120, instead of on the top of the beams. This is 
done mainly with a view of keeping the centre of gravity low 
down. 
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The end beams or cradles and their axle bearings are 
also subject to much variation in design. These frequently 
consist of rolled joists, Fig, i2i,in others they are formed 
of two channels placed back to back with an interval 
between, in others box girders are built up with plate and 
angle, as in Fig. iiz, p. 103. 

The wheels and their axles are variously fitted. The 
best position for the wheels is between the girders, 
Figs, ria, 113, izi, but they are sometimes placed on 
the outside. Bearings are cast solid on the girders, as 
in Fig. 113, but generally they are bolted on. Fig. 121. 
These are either of the dead 
eye form, or of the solid 
plated boss type. Fig. 115. 
Sometimes capped bearings 
are used. Bearings are brass 
bushed in the best cranes, 
though brasses need only be 
fitted in the top. 

The relative positions of 
the main girders and the end 
cradles is varied according to 
the space available overhead. 
The ideal position is that in Fig. m. 

which the main girders rest 

upon the cradles. But very often there is not sufficient 
head-room to permit of this. An arrangement, perhaps 
equally good, and one which is preferred by some firms, 
is to make the main girders lay partly on the cradles, and 
partly abut against them, Fig. 122. This affords a good 
chance to make a solid joint. In another design the joint 
is an abutting one simply. Fig. 123, the method of fasten- 
ing being through angles, or angles and gussets. In 
another the main girders come underneath the cradles, 
and are in a state of suspension. Neither of these are 
good joints, but they are rendered necessary sometimes 
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when roofs are low. In such cases the only course open 
is to make the fastenings of bolts or rivets secure enough 
to sustain the maximum stress imposed on them.- Joints 
should be stiffened with broad gussets, and the members 
connected with turned bolts fitting in reamered holes. 

Related to the overhead travellers are the Goliaths, and 
the Gantry cranes, inasmuch as they are both high above 
the ground, and travel on rails. But in these the crane 
framings descend to the ground, while the true travellers 
do not, but travel on gantries or runways, hence the prefix 
"overhead," which is applied specifically to them. It is 
not always easy to fix the exact meanings of the terms 
Goliath, and Gantry cranes. In England, Goliath always 




Fig. 122. 




Fig. 123. 



signifies a bridge type of crane which carries a crab. In 
America the term Gantry crane is commonly applied to 
this type. In England the term Gantry crane signifies 
a tall Goliath type of framing which carries, not a crab, 
but a jib crane. In Germany these are termed Portal 
cranes, and they are employed to a vast extent for dock 
and harbour work, supplanting the older wharf and hydraulic 
cranes. 

The framings of Goliath cranes are constructed of timber 
or of steel. Those of Gantry cranes are seldom built of 
any material but steel. Timber is very serviceable for 
Goliath framings, especially when hand operated, and the 
occasions for their use are similar to those which determine 
the selection of timber for traveller beams, see p. 96. 
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Figs. 124-126 illustrate a heavy timber-framed Goliath. 
The usual height of these structures is from zo to 25 ft., 
while the span will range from about 20 to 40 ft. In 
this design we have simple trussing like that noted in 
connection with traveller beams, and also ample length 
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imparted to the wheel base, and double flanged run- 
ning wheels. Many of the remarks made in reference 
to overhead travellers are clearly applicable to Goliaths, 
but in the latter the tendency to twisting is greater by 
reason of the difference due to greater height. Unless a 
Goliath framing is well braced it is always getting off the 
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rails. In the figures the end framings in themselves are 
entirely rigid ; the weak points are the attachments of the 
main beams to the A frames. To stiffen these against a 
working to-and-fro at right angles to the track, which is 
very noticeable in steam-driven crabs, large diagonals are 




Fig. 128. 



fitted between the main beams and the members of the 
A frames. To stiffen them against diagonal or cross 
working, diagonal struts are fitted between the under sides 
of the main beams and the tops of the horizontal members 
of the A frames. 
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The details of the iitting of these and of other members 
are rendered clear by the drawings, so that little reference 
thereto is necessary. Tenons and mortices and shouldered 
joints are the rule, and long bolts unite every portion. 
Uroad timber washers support the bolt heads and nuts. 




Fig. 130. 



The main beams are fastened down to the A frames with 
long strap bolts. The ends of top and bottom sills are 
bonded. The ends of the main beams have cast-iron 
caps with stout lugs through which the truss rods pass. 
The centre strut is a casting. Platforms, protected with 
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hand rails, are carried on plated brackets at the sides of 
the main timbers. 

Figs. 127-129 illustrate framings of steel built of channel 
and H sections. The same principles are embodied as in 
the timber structure, modified by the differences in the 
material, and the methods of union proper for each. 
Fig. 130 is one view only of the steel framing for a 
Gantry crane. 



CHAPTER IX. 

THE FRAMES OF OVERHEAD CRABS 

AND JENNYS. 

General Design of the Crab — Of the Jenny — Their Special Utilities — 
Cheeks — Diversities in Design — Cast, and Plated — Methods of 
Operation — The Hand Crab — Details of Typical Arrangements — 
The Steam Crab — Cotton Rope — Electrical — Converted — All- 
Electric Types — The Jenny. 

The remarks ofifered in Chapter IV., p. 43, on the cheeks of 
cranes will apply in a large degree to the frames of crabs and 
Jennys. Both are made in cast iron, and also steel plated. 
So that our attention will be given in the present chapter 
chiefly to the general design of the crab and jenny frames 
as affected by the difference in the functions of these, and 
of the frames of the true cranes. 

An overhead crab is a special type of hoisting machine 
which has no jib, and the load is lifted directly underneath, 
about the centre. It differs from the fixed crab in the 
fitting of four wheels which run along rails on its traveller 
beams. It may be operated by any of the agencies 
common to cranes, and its form and gears are greatly 
modified by the utilisation of one or of the other of 
these agencies. 

The difference between a crab and a jenny, or jinny, 
or trolley, or monkey carriage, or racking carriage ; — terms 
applied indiscriminately to the jenny, — is this. The crab 
carries its own operative gears, the jenny does not. Conse- 
quently though both travel along rails, the first is moved by its 
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own self-contained gearing, while the second is drawn along 
by chains which are actuated by wheels that have their bear- 
ings elsewhere, at the end of the beams of travellers, or on the 
A frames of the Goliaths. Just which is the more suitable 
method is often an open question, and practice is divided. 
For light and heavy loads alike both systems are in use. 
Speaking very broadly, it is better to use the simple jenny 
for light travellers, and crabs for the heavier ones. Even in 
the latter, however, there are cases in which heavy travellers 
are fitted with Jennys, which in long spans impose less of 
dead weight on the beams of the traveller, or Goliath, than 
a massive crab would do, with its gears, and often also an 
engine and boiler. The latter add so greatly to the load 
that several firms have long made a practice in heavy 
travellers of putting engines and boilers at the end of the 
beams, and running a comparatively light trolley along them. 

The cheeks of Jennys and crabs are usually made in cast 
iron, the larger types alone excepted, and for the same 
reasons which were previously given. They follow in the 
main the designs of those of cranes. As previously stated, 
calculations are not readily applied in such cases, and ex- 
perience takes their place. 

The designs of crab cheeks, both cast and plated, are 
modified in so many ways that it is only possible to allude 
to these in very general terms. In the smaller powers they 
are single webbed. But in larger sizes, double webs are 
usually employed. When cast they are of the boxed form, 
similarly to some crane cheeks, a design which is neat as 
well as very rigid. In some steel-plated cheeks also, the 
plates are double, separated by distance pieces, also a very 
excellent method, having the merit of rigidity, and permitting 
of the use of bearings which are nearly flush with the outer 
faces instead of standing out away from one, or both faces. 
In some crabs the cheeks are formed of rolled joists, in 
others of built-up solid-plated girders. The different ideas 
of manufacturers are accountable for many of these diver- 
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sities in design, but underlying all these there are common 
objects in view. The two predominating factors are reduc- 
tion in dead weight, and economy of manufacture. Some 
try to attain this in well-thought-out designs in cast iron, 
others in plated cheeks. In some cases the class of work 
to which a firm is committed, or in which they have gained 
most experience, is the determining factor. Thus, a firm 
dealing largely in castings will favour cast-iron cheeks, one 
which is more successful in plated work will give the 
preference to plated cheeks. Actually, excellent designs 
are produced in each, so that no absolute preference can 
be given to either without knowing by whom they are built. 
This, apart from inspection, is still often the best' guarantee 
of the good design of a crane. 

The cheeks of crabs are maintained at their proper 
distances by stretchers or distance pieces, which are simple 
bolts in small types, and cast girders, or rolled joists, or 
plated joists in the higher ones. 

The remarks made in reference to the wheels of cranes, 
pp. 87 to 90, and travellers, p. 103, apply to crabs also. 
Shaft bearings are modified as in cranes. 

The methods by which hand crabs are operated are 
very simple. The methods of operating power crabs are 
more complex, and subject to great variations. The general 
system of gears is treated in Chapter X., p. 130, to which 
reference should be made. The remarks made here assume 
that the problems involved in trains of gearing are under- 
stood. 

In the simple hand crab, all the movements of the crab, 
and frequently also those of the traveller, are derived from the 
power of a man, or men actuating the winch handles. The 
lifting mechanism includes single gear only in light crabs, 
but in all others double ; and in the heaviest, treble gears 
are included. Lowering may be done by the reversal of the 
direction of movement of the handles, but generally the 
load is allowed to descend by its own weight, its movement 
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being controlled by the application of the brake. During 
lifting, if the load is heavy, the ratchet dog is thrown in ; 
during lowering it is thrown back, and the first motion 
pinion is slid along out of gear, so that the descent of the 
load is regulated by the brake entirely. 

The last element in the train is the lifting drum or barrel, 
see Chapter XI., p. 149, whence the load is lifted on single 
chain for loads ranging up to from about 3 to 5 tons, or on 




Fig. 131. 



double chain, and snatch block, see p. 170, for greater loads. 
In small crabs the drum is generally plain, in others it is 
usually grooved. It is, or always should be grooved when 
wire rope is used, and its diameter must be larger for rope 
than for chain. The reason for grooving large drums, 
whether for rope or chain, is partly to prevent overriding, 
but also to maintain the load centrally in relation to the 
crab, see p. 150. When a return chain is used, one end 
has to be anchored from a beam overhead. Figs. 131, 132, 
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or it has to wind round a second drum ranged parallel wiih 
the main drum. Another set of gear is used for traversing 
the crab along the traveller beams. This may be simple, 
or compound, depending on the mass to be moved, and 
it is actuated by separate winch handles in hand crabs. 
The movement of the gears is communicated to a toothed 
wheel on the axle below, and so revolves that axle, and its 
wheels" on the rails. The other axle is a trailer only. In 



Fig. 132- 

heavy steam crabs, front and rear axles are coupled with a 
rod, like locomotive axles. 

Figs, 131, 132 represent typical arrangements for a hand 
crab with steel-plated cheeks, and employing a snatch or 
return block. In this example some of the shaft bearings 
are plummer blocks, others are bosses. The quick-lifting 
gears are pinion a, and wheel B, the latter being keyed on 
one end of the barrel c. D, E, and the pinion on the same 
shah as f are the train of slow gears, c is the pillow block 
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carried on a rolled joist that spans the cheeks, and from 
which the straps and blocks are suspended to carry the loose 
pulley H, which takes the upper bight of the chain j, one 
portion of which is anchored to the snatch block, the other 
portion passing under its pull^. The wheels k, l, m, n form 
the double set of gears for travelling the crab. The location 
of the brake is also indicated at Q, and its lever at p. As the 
gear of this crab is illustrated in detail in Chapter X. on 
Gears, p. 137, nothing further need be added here. 

An overhead crane may be travelled from the crab, through 
gears actuated by a winch handle at one or at both ends of 
the traveller. When travelled from the crab, a square shaft 
is used to transmit the motion from the crab to the wheels 
on the end cradles. This is accomplished through bevel 
wheels carried in a bracket on the side of the crab, the 
last bevel in the train having a long sleeve bearing in the 
bracket, and a square hole to slide along the shaft, see 
p. 144, actuating the latter at any locality in which the 
crab happens to be. 

In that type of steam crab in which the boiler and engines 
are placed on the crab, the arrangements are in the main 
similar, except that the crank shaft of the engines is the first 
motion shaft, whence all the various movements are de- 
rived through gears. The engines are duplicated, to avoid 
dead centres. Provision is made for single, double, and 
frequently treble powered lifts, for lowering by the brake, 
for traversing the crab on one of the axles, to which the 
other axle is coupled, and for travelling the entire crane 
through a square shaft. 

In steam travellers which have the boiler and engine 
fixed at one end, there is no crab, but a jenny only. 

In travellers driven by cotton rope the crab is still em- 
ployed, but it is very much modified. Belt-driven shafts 
are actuated from the rope, and transmit motion to two 
shafts running longitudinally above the traveller beams, 
whence the lifting and traversing motions of the crab are 
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derived through worm gears. This device is one which has 
rendered cotton rope cranes more easily convertible than 
any others into single motor electric cranes. 

In crabs actuated by electricity the earliest examples were 
of this type, being either converted, or built in that style. 
In the case of steam crabs having no belts, but longitudinal 
shafts, a special shaft carrying bevel gears and clutches was 
rigged up at one end of the traveller beams, from which the 
direction of the motor drive was changed into two move- 
ments at right angles with the shaft, to actuate the lifting 
and traversing motions respectively of the crab, through 
worm gear; and the third was made to drive spur gears 
beneath to actuate the longitudinal travel of the entire crane. 
Reductions of speed took place through these wheels, more 
especially through worm gears, so that the high speed of 
the motor became suitably reduced to those suitable for 
lifting and traversing. Much trouble arose in consequence 
of the high motor speeds, and the multiplication of toothed 
wheels, the use of worm gears, and the reversals necessary, 
and all in consequence of the attempts that were made 
to graft a new motive power on existing types of cranes. 
We use the term were, because, though so short a period 
has elapsed since the introduction of electric driving to 
cranes, the methods just referred to are nearly obsolete. 
Success is now achieved on different lines, see Chapter XXII. 

A modern electric crab carries two motors, in some cases 
three, or more. One is used only for traversing the crab, 
another for lifting the load, while a third when fitted is 
employed for operating an auxiliary hoist for light loads 
only. Sometimes also two motors are fitted for the lifting, 
when very heavy loads are being handled. See Figs. 200, 201, 
facing pp. 229, 230, for illustrations of an all-electric crab. 

A jenny is also termed a block carriage, because one of 
its commonest functions is to sustain pulley blocks which 
are hung from an eye or a cross bar in the jenny, as in Fig. 
133. This is the simplest, and one of the most frequent 
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types, used on a single rail traveller. There is no gear save 
that which is comprised in the tackle, and no means of 
traversing the jenny save by hauling at the block chains. 
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Fig- 133- 

A true jenny is that which is made the medium for hoist- 
ing and traversing through toothed gears, which are never- 
theless situated at a considerable distance away from it. 




Fig- 134- 

ft 

Jennys, of which this is a simple type, are made for the most 
powerful as well as the lightest cranes, and many are the 
designs on which they are built, and the devices by which 
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they are operated. An example of this kind was shown in 
Figs. 127, 129, pp. 116, 118, and the jenny is shown enlarged 
in Figs. 1 34, 135. It is drawn along by one set of gearing on 
one standard of the Goliath, through the chains a, and the 
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Fig. 135. 



load is lifted and lowered through another set of gears 
operating the chains b, passing over the two pulleys c, c. The 
racking chains and lifting chains never run foul of each other 
because the eyes for the attachment of the former are placed 
away from the centre of the carriage, Fig. 134. 



CHAPTER X. 
THE GEARS. 

The Forms of Teeth — Conditions of Gear — Cycloidal and Involute — 
Generating Circle — Small Pinions — The Case of Special Gears — 
Proportions of Teeth — Machine- moulded Wheels versus Pattern 
Gears — Arrangements of Wheels — Regarded as Levers — Winch 
Handles and Drums— Single Gears — Sliding Pinions — Typical 
Trains of Wheels — Transmission of Power at Right Angles — 
Wheels in Steam and Hand Cranes— Quick-running Gears — The 
Use of Steel — The Curb Rings — Their Sectional Forms — The 
Fitting of same — Derricking Gears — Reversing Bevels — Square 
Shaft Gears — Shrouds and Friction Collars — Ratchet Wheels. 

The gears of cranes are one of the fundamental sections 
of these structures, second only in value to the strength of 
framings and main parts. It is of the first importance that 
the wheel teeth should be correctly formed and proportioned, 
and accurately constructed. Badly formed gears, running 
at quick speeds, are not only noisy, but also risky. The 
fracture of two or three teeth may result in a serious 
accident. 

First as to the forms of teeth. These are too often made 
by mere rule of thumb, but should be so correctly shaped 
that the wheels will roll smoothly with the minimum of 
friction. The fundamental principle of such mutual en- 
gagement of teeth is that the total effect shall be identical 
with that of the rolling of cylindrical surfaces Upon each 
other. Actually, in all wheel teeth as commonly formed, a 
certain amount of rubbing and sliding of the flanks must 
take place, but the better the teeth are shaped, the less 
injurious the rubbing becomes. This is capable of com- 
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plete demonstration, but the proof would be too long, and 
scarcely within the range of the present subject. In practice 
the conditions of accurate gearing are fulfilled by the use of 
two curves, the cycloidal, and the involute. Of these the 
former is the more generally used. In the latter the tooth 
flanks are formed as by the unwinding of a rigid cord from 
the periphery of a cylinder (the 




Fig. 136. 



base circle of the wheel). Or, 
what produces the same result, 
by rolling a straight-edge round 
the base circle, and develop- 
ing the involute curve by a 
needle point driven diagonally through the edge of the 
straight-edge. Fig. 136. In the cycloidal, suitable curves 
are developed by the rolling of generating circles, a, a, 
Fig. 137, upon circles b (the pitch lines) of the wheels, and 
then finding by trial the nearest approximate radii tf, and b 
for the curves of the faces and flanks of the teeth. 




^ 
I 



Fig. 137. 

The principles of correct gear are present in each case, 
subject to certain conditions. The involute has been 
seldom employed for crane gears, partly on account of its 
want of adaptability, wheels only working with one another 
when the true circles are cut by a tangent line common to 
both, which is not conducive to the interchangeability of a 
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number of large wheels and small pinions, such as are 
required in crane gears. Recently, however, a considerable 
number of wheels are being cut with involute teeth for 
electrical cranes, in which the conditions of interchange- 
ability are less exacting than for general and miscellaneous 
service. 

In the cycloidal teeth, all that is necessary to fulfil these 
conditions is, that the same generating circle which strikes 
the roots or flanks of the teeth of one wheel shall be 
employed to strike the points or faces of the teeth of the 
wheel which has to gear therewith, and vice versa. The 
profiles of the* teeth are thus governed entirely by the 
diameters of the generating circles, and the selection of 
one size of generating circle ensures interchangeable 
wheels, so that any wheels of the same pitch can be 
taken from the stores with the certainty that they will gear 
equally well, a 60 tooth with a 10, or a 12 tooth with 96, 
or 15 with 114, and so on, all capable of gearing to- 
gether correctly even though they differ much in strength, 
and in extent of surfaces in contact. This can only be 
possible by employing a common size of generating circle. 
If one is chosen of such a size that it will produce radial 
flanks for the smallest wheel of a set, that is the one which 
should be properly used for all the wheels which are ever 
required in practice. Though a disadvantage is that the 
roots in all small wheels are then much weaker than the 
roots in the larger ones, yet it must be remembered as a 
set-off against this, that small pinions can usually be 
shrouded, and that when worn out or broken they are 
more readily renewed than the wheels. Wheels smaller 
than 10 teeth are seldom used in crane practice. Actually 
in Willis's Odontograph scale, the limit is fixed at 12 or 
13 teeth, hence these have radial flanks, and any below 
that number would have convex and undercut flanks, curv- 
ing inwards less than radial; and all above, spreading 
flanks, the enlargement at the root increasing with the 
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diameter of the wheels, until at 80 or 100 teeth we have 
very strong teeth. 

There is no difficulty either in using the rolling circles 
directly, or in employing the Odontograph scale, by which 
approximate radii and centres are obtainable directly for 
wheels of almost all sizes. Though weakness of the roots 
of the small pinions is unavoidable, yet for special gears, as 
bevel wheels, where it is certain that no other wheels will 
ever be introduced, special generating circles can be selected 
with reference to the best forms of teeth obtainable for 
those wheels. 

The proportions of teeth for the same pitch should 
always be alike. These are given in various text-books, 
and will not be gone into here. But it is right to mention 
that the older proportions which gave long teeth are now 
generally discarded in favour of short teeth, the length of 
which does not exceed from six-tenths to seven-tenths of 
the pitch ; — which must be measured round the arc, and not 
along the chord. This reduced length is desirable, in order 
to diminish the risk of fracture. If it is objected that 
shorter teeth would be liable to get out of gear and over- 
ride when shaft bearings become badly worn, such bearings 
should not be tolerated on any crane. 

As far as practicable, castings should either be machine- 
moulded, or else moulded from iron patterns, which have 
been made in a moulding machine. If complete wood 
patterns are used, the teeth should be machine cut, besides 
which they must be checked over from time to time, and 
kept in good preservation. But even then wooden pattern 
wheels do not give such good results as the first named. 
True, some machine-moulded wheels are as unsatisfactory 
as those moulded from wood patterns, which happens when 
badly worn tooth blocks are retained in use, or the machine 
is worn, so that slop and backlash occurs, or when the 
moulding is done by a careless or incompetent man. These 
three matters, — good blocks, an accurate machine, and a 
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competent careful moulder, are each essential to the casting 
of accurate gearing. Given these conditions, machine- 
moulded gears are for all practical purposes nearly as good 
for cranes as those which are machine cut. But such gears 
are rather costly, because only from two to three tooth 
spaces are moulded at once. Hence moulds taken from 
iron pattern wheels which have been moulded by machine 
give very close approximation to accuracy. They are not 
quite so good, because a little taper has to be filed in the 
teeth to ensure their withdrawal, and then generally some 
slight breaking down occurs in the mould, which has to be 
made good (unless the pattern is drawn through a stripping 
plate), and by which the perfect form of the tooth will be 
impaired. Still, as such patterns never wear or get out of 
truth, they are not open to the same objections as wood- 
patterns are. The rings only of such wheels need be made 
in iron, the arms and boss being made in wood to fit 
within the rim. 

We may next consider various arrangements of the gear- 
ing which are adopted to produce given results in power, 
speed, and in the operation of the various movements of 
cranes. 

Many circumstances have to be considered in designing 
these arrangements, as the general or average run of work 
for which the gearing will be primarily designed, work of an 
exceptional character, for which provision must be made, 
the class of crane, the space available, &c. 

Toothed wheels act as straight levers in which the 
mechanical advantage is in inverse ratio to the length of 
their radii. But radii, diameter, and circumference being 
proportional to one another, it follows that either dimension 
as most convenient may be taken as the basis of calculation, 
if the same factor is retained for all the wheels of a series. 
Further, as levers, the wheel will represent the long arm, 
and the pinion the short arm of a single straight bar, and 
its fulcrum will be the pitch line of the pair. Hence if the 
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pinion is the driver, there will be a gain of power ; if the 
wheel be the driver, there will be a gain of speed, in both 
cases of course inversely proportional to their radii. Apply- 
ing the principle to a train of crane gearing, we can under- 
stand the ease with which a couple of men can lift a couple 
of tons without any excessive expenditure of muscular energy, 
simply employing the intervention of a train of gearing. 
Taking a common crane, let the gear comprise pinion a of 

15 teeth, wheel b of 136 teeth, pinion c of 15 teeth, and 
wheel D of 91 teeth. A pound weight acting on the periphery 
of A would represent -^yV- — 9 ^^s. on b. But c and d form 
another pair of levers, and their gain is ^^ = 6. And since 
the mechanical effect of two levers is not the total of their 
added results, but of those results multiplied, we have 
9 X 6 = 54, so that I lb. on a will raise 54 lbs. on d, friction 
disregarded. Or we can multiply the teeth of the wheels 
of a train together, and also the teeth of all the pinions 
together, and divide the former by the latter to arrive 

1 16 X QI 

at the same results, thus, — -^ ^— = 55. Not exactly 

15 X15 • 

the same, because the figures are not worked into decimals. 

To apply the necessary power at one end, and to utilise the 
mechanical increase at the other, various means are adopted. 
In the first a winch handle, steam, water, or other power 
will be applied ; in the second a barrel or drum is employed. 
But these also increase leverage. A winch handle measur- 
ing 16 in. from centre of shaft to centre of handle will 
be a lever 16 in. long evidently, so that for every pound 
applied at the handle the first pinion will receive a force of 

16 X 3. 141 6 which represents the circumference of the circle 
which it describes. The barrel also forms a lever with its 
wheel D on the shaft of which it is fixed, so that the calcu- 
lation stands — 

circ. described by winch x a x c 
B X D X circ. of barrel 
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(In. practice the circumference taken \s not that of the 
barrel, but of the centre of its chain.) s^ 

The simplest gear then which can occur is that of the 
pinion and wheel, termed the single gear. This is suited 
for light loads, and quick speeds. It is fitted to all hand 
cranes, and most of the small steam cranes have no other. 
All travelling cranes have it, and all hoists, whether hand or 
steam. Loads up to 2 or 3 tons can be lifted in this way. 

When a crane has single gear only, there may be modi- 
fications in detail. Thus, using winch handles, from one to 
four men may operate on them at one time. With engines, 
speed may be increased by opening the starting valve to its 
fullest capacity, and using steam at highest pressure. In 
either case the relations between the pinion and wheel may 

be of a high or low ratio. Also the 
diameter of the hoisting drum may 
be small, large, or medium, for 
heavy loads and slow lifts, or for 
the reverse. Small drums are often 
used on quarry cranes and hoists, 
large ones on light coaling cranes. 
In single-geared cranes, the brake goes on the same shaft 
as the wheel and drum, often on the wheel itself. It is 
then desirable to make the pinion to slide in and out of 
gear, because it is better when lowering with the brake to 
avoid wear and tear, and rattle, by allowing the wheel 
and drum to revolve only. When the pinion cannot be 
thrown out, the handles of a hand crane must be taken 
off before lowering. In a steam crane, if there were no 
sliding pinion, the lowering could not be done by means of 
the brake, but the engines would have to be reversed, and 
the load lowered by them. This would be a slow, noisy, 
and wasteful process. 

When the pinion is made to slide out of gear, it has to 
move along a feather key, and a collar or groove is provided 
at its end to receive the fork of the lever by which it is 




Fig. 138. 



\ 



.^ 



) 



J 






o 



^' \^ >'V~>i // .'' ""- 






•i '. O , . 









•v 






: i ! O ! 1 •' ; ! O i : 
- ->.- - ,'-'- - -\fV-.— -'.'../- - . . 




Fig. 139. 



f 



138 HOISTING MACHINERY. 

moved. Such a pinion is shown in Fig. 138. The teeth 
are often rounded or pointed slightly at the entering end in 
order to facilitate free entry without risk of knocking off the 
tooth points. 

The mechanism by which pinions are slid into and out 
of engagement with their wheels is either by means of a 
feather on the shaft, by which the pinion is slid and driven 
at any position as in Fig. 138, or the shaft slides with its 
pinions. The first method is suitable for hand and power 
cranes, the second for hand cranes alone. An illustration 
of the latter is seen in the crab gears, Fig. 1 39, where pinions 
A and D are keyed on one shaft, and a can be slid into 
engagement with b, or d with e by the endlong motion of 
the shaft. A pawl is dropped between the collars on 
the shaft to retain either pinion in gear, or to keep both out 
of gear when lowering is being done by the brake, as in the 
position seen in the figure. 

The gears in this figure afford a good illustration of the 
combinations which are found in various modifications in 
nearly all cranes. When a is in engagement with the wheel 
B, the latter lifts a light load on the barrel c, on which it is 
keyed, at a quick rate. When d engages with e on the 
same shaft as c, the latter drives wheel b^ and the drum c 
slowly. When lifting, the ratchet wheel f is retained by its 
dog, so that the load will be sustained if the handles should 
slip off, or any accident happen. Lowering is done by the 
brake Q cast on wheel e, the pinions a and d being in the 
middle position shown, the pinion g always remaining in 
gear with b. 

The gears to the right hand are used for travelling the 
crab. The pinion k, turned by winch handles, engages 
L ; and on the same shaft as l, m drives wheel n on the 
same axle as the driving wheels o. 

Transmission of power at right angles is common in 
nearly all cranes fitted with travelling and slewing motions. 
This is mostly effected by bevel gears, less frequently by 
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worm gear, atid^ occasionally by angle wheels. The first 
named offers less friction than the others, and has the 
great advantage that any differences in velocity ratios, as 
well as equal drives, are easily obtainable. Very often two 
pairs of bevel wheels are necessary, but when the number 
exceeds this, it is better to seek some more direct method 
of driving with less friction. 

The worm gears are used more than ever, notwithstand- 
ing that they were nearly abandoned a few years ago by 
reason of the excessive amount of friction which they 
developed. But they are so valuable in the reduction of 
motor speeds in the electric cranes, and in smooth running, 
that the oil bath, friction collars, or ball races, and the use 
of double, or treble threads, has converted these into a 
most valuable' and popular gear. The angle or screw 
gears are only suitable for very light duty, because the 
friction is entirely of a sliding character, and takes place 
at a single small surface of contact. Hence they wear out 
rapidly. They have been used for the slewing of light 
cranes, but were not satisfactory. 

The lifting gear of steam cranes differs from that of 
hand cranes in this particular, that much heavier loads 
can be lifted with single gear in the former, than in the 
latter, — due to the greater power in the engines than in 
that which can be exercised by men at winch handles. 
The gain is also greatly in favour of speed as well as of 
power, so that loads are hoisted rapidly by single gear in 
steam cranes, which would be lifted laboriously and slowly 
by four, or six men at winch handles through double gear 
on a hand crane. In steam cranes lifting over about 
5 tons, it is usual to put double gear, but seldom under 
5 tons. 

It is of course more necessary to put good gearing on 
quick-running cranes than on hand cranes and crabs. In 
these, when inferior gears are used, their defects are largely 
disguised by the slowness of the movement. But this does 
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not justify the use of bad gears. In steAm and electric 
cranes the high rates of speed cause some rattling even 
with the best moulded, or even cut wheels, due to the 
sonorous character of metal. With badly formed teeth 
the rattling becomes intolerable. And it is not altogether 
a question of noise, but also one of strength and durability. 
Badly formed teeth receive stresses under unfavourable cir- 
cumstances, and they wear out quickly, and in some cases 
fracture. 

The employment of steel for gears is very desirable in 
cranes which have to do a deal of rough work for which 
both strength and durability are desirable. They cost 
double those of iron, but they last more than twice as long. 
Nor is that the only advantage. The liability to fracture 
is so slight, that the risk of stoppages of work for repairs 
is much lessened. When steel gears are used it is desir- 
able to keep duplicates, because, unlike iron, steel wheels 
cannot be obtained in less than from two to three weeks. 

In all the gearing of a crane there is none subject to 
so great stress as the curb ring, or wheel race. The whole 
stress of turning the crane with the maximum load at the 
maximum radius comes upon this. And it is not so much 
the actual turning as the sudden starting and stopping that 
stresses the ring. The teeth of this ring wear more rapidly, 
and fracture more readily, than those of any other part of 
the gear, and sometimes rings will fracture across under the 
severity of their duty. Then the crushing stress due to 
the pressure of the whole superstructure, and of the load 
on the rollers, wears the surface rapidly, causing the thick- 
ness or depth of the ring to diminish. The following are 
the precautions taken to prolong the life of the curb rings 
of cranes. 

Cast iron is always used, unless otherwise specified, but 
steel is much to be preferred, because of its greater 
strength, and capacity for wear. Often after the purchase 
of a crane fitted with a cast-iron ring, a steel ring is ordered, 
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and then that means Hfting off the whole superstructure to 
put the new ring into place. In many cases, however, 
this involves so much trouble and delay that rings are 
made in halves, and cottared together. The ring, however, 
is cast entire in order to preserve its circular form. It is 
then parted off in a slotting machine with a \ in. or f in. 
tool. Circular holes are drilled in from the joint faces, 
and cottar ways drilled down through them, packing 
pieces are inserted in the joints, the round pins placed, 
and the cottars driven in, so drawing the joint together. 
Such a ring is easily inserted and cottared up, and as 
easily removed without interfering with any other part of 
the crane. 

The forms of the teeth are best if struck with Willis's 
Odontograph scale, because that gives great breadth at 
the roots. Then the roots should be merged into the 
rim with specially large radii. No stronger form can be 
designed. 

The teeth of the pinion that engages with the ring will 
be weak at the roots, but these are always shrouded on 
the top face, and often also cast in steel, occasionally in 
phosphor bronze, which wears excellently. The curb ring 
should be machine-moulded in order to secure the best 
conditions of working. Steel curb rings are liable to come 
out elliptical in form instead of truly circular as they ought 
to be. They can be made circular if the moulder clears 
away the sand from the inner vertical faces of the runners. 
It is the resistance of the hard mould to the massive 
runners during shrinkage, which interferes with the regular 
shrinkage of the ring all round. In the iron foundry 
the sand is dug away from the runners as soon as the 
metal has set after pouring. 

The sectional forms of curb rings shown in adjacent 
figures. Figs. 140, 141, are used on hand cranes, but lack 
the strength necessary for steam cranes. Figs. 142, 143 
are used for steam cranes. The bevelled face in these is 



142 



HOISTING MACHINERY. 



turned to form a path for the rollers upon which the 
superstructure rotates. There is usually a slight coning 
on the rollers and path. The angle on the faces of the 
rings is governed by the arrangements of the superstructure. 
In Figs. 140, 142, 143 the teeth are internal, in Fig. 141 
external. Both methods are in use, and neither has any 
particular advantage over the other, except in so far as 





Figs. 140, 141. 

one happens to be more adapted to the arrangements of a 
given crane than the other. 

The method of fitting the ring to its bed is with a circular 
check or' shoulder turned to fit a corresponding shoulder on 
the face of the bed. Many curb rings are bolted down to 
the bed. This, however, is not a good plan, and one of the 
crane-making firms conceived the idea of omitting the bolts 
altogether, leaving the fitting in other respects the same. 





Figs. 142, 143. 

Many rings are now fitted thus, and it is found that the 
teeth are less liable to fracture under the stress of sudden 
starting and stopping, while the frictional surface of the 
ring is sufficient to prevent it from slipping under ordinary 
conditions of working. 

The derricking gear of cranes is operated by a worm and 
worm wheel, the worm being single threaded. There is 
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always a good deal of friction about this gear, so that under 
ordinary conditions there is never any risk of running down 
occurring. Yet it is sometimes the practice to put a brake 
on it. The reason is to be found in wind pressure, and 
the vibration due to working which causes tremor in the 
gear, and makes it slip. A brake when used prevents this 
movement. 

The direction of motion of bevel wheels has to be re- 
versed when they govern the lifting and lowering of loads, 
the slewing of* cranes, and travelling motions. This is 
accomplished by the device shown in Fig. 144. Two bevel 
wheels a, a with clutches, run loosely on their shaft, each 




Fig. 144. 



engaging with the crown bevel b, which may be used to drive 
above or below, or at any angle thence to the horizontal, 
according to the arrangements of the crane. A double- 
ended clutch c capable of movement along a sliding feather 
in the shaft on being thrown into engagement with the 
clutch on either one of the bevel wheels, drives that wheel. 
Reversal is effected by coupling the clutch with the other 
wheel, when it is obvious that the direction of motion of 
the crown wheel will be reversed. 

A particular case of gears is that shown in Fig. 145, used 
to transmit motion between wheels which are subject to 
longi tudinal changes of position. These are used on travellers 
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having a square shaft a, as shown in the figure. In some 
examples a round shaft is substituted, and key-grooved or 
splined throughout its length. The wheel b comes from the 




Fig. 145- 

crab, having its bearings carried in a bracket attached 
thereto. Wheel c has its bearings ^, «, in the same bracket, 
which is one reason why the long sleeve cast with the 
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wheel is necessary, the other being to get a sufficient length 
of driving surface on the square of the shaft. 

An important detail which adds to the strength of gearing, 
or conduces to smooth running, is the use of shrouds, or 
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friction collars. Small cast pinions are mostly single, or 
double shrouded ; single when they must be slid into en- 
gagement with their wheels, double when they are never 
moved endwise, see Fig. 139, p. 137. The shroud or cap 
comes to the points of the teeth and strengthens them by 
perhaps 50 per cent. Friction collars, or half shroudings, 
come to the pitch line see Fig. 143, p. 142, in which 
case both wheel and pinion are similarly treated, and 
they run together with the turned edges of the shrouds 
in contact. Two advantages are gained, one in increase of 
strength, the other in smoother running. This is of especial 
value in high-speed gears, in bevel gears where the axes are 
at right or other angles and subject to much strain, and in 
specially heavy gears. 

A ratchet wheel and its dog is shown in Fig. 146. These 
have to be strong enough to sustain the load, hence the 
reason for the triangular-shaped teeth, and their opposition 
to the axis of the dog. 



CHAPTER XI. 
THE SHAFTS, DRUMS, AND BRAKES. 

Forms of -Shafts — Keys — Pawls — Square Shafts — Drums — Plain — 
Spiral — Fusee — Warping — Castings — Brakes — Leverage of— De- 
tails — Electrical Brake. 

The shafts of cranes are usually made of steel in preference 
to the wrought iron formerly employed. Their diameter is 
increased from first motion to barrel shaft, and ranges from 
about i^ in. in the first motion shafts of the smallest hand 
cranes and winches, to 7 or 8 in. in the barrel shafts of the 
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Fig. 147. 

most powerful cranes. Standard dimensions are kept in 
crane shops, but diameters are obtained directly from the 
modulus of the section, as given in text-books. 

Shafts are turned only^ where the wheels go on, in the 
cheapest hand cranes, but in all others they are turned 
throughout their whole length. Or instead, a good deal of 
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rolled bright shafting has been used recently. Shafts are 
key-grooved for wheels, and pinions, ratchets, and brake 
wheels, squared at the ends for winch handles, and have 
collars for pawls. Three typical shafts are illustrated in 
Fig. 147. A is a winch shaft, b an intermediate, and c a 
barrel shaft. The winch shaft a is of that type which is 
slid endwise, in the manner explained in Chapter X., p. 138. 
a, fl, are the sliding lengths of journals, being of necessity 
long enough to permit of the engagement and disengage- 
ment of the pinions which are keyed on at ^, b, c is the 
pawl space. The winch handle is shown in Fig. 148, its 
standard radius being 16 in. to 17 in. When first motion 
shafts have sliding pinions, the latter slide on feather keys, 
Fig. 138, p. 136. These are used on all power cranes, 
and on many hand-operated ones also. 

The second or intermediate shaft b is usually plain as 
shown, with journals at a, a, but it may contain various 
dispositions of pinions. The barrel or drum shaft c is also 
variously modified, but the method of keying it in the drum 
which is indicated in the figure, compare with Fig. 151, 
p. 149, must be noted. The journal bearings a, a^ may or 
may not be of the same diameter, but the shoulders ^, r, 
which fit into the holes bored in the barrel ends, are 
properly of different diameters in order to facilitate the 
driving of the shaft into the barrel, b is smaller than c by 
\ in., or \ in., and therefore slips easily through the hole 
bored for ^, and neither shoulder fits, or requires driving, 
until each enters its bored hole. 

In fitting wheels on small shafts it is sufficient to have a 
key bed in the bore of the wheel, and to file a flat only on 
the shaft, and this weakens the latter to but a slight extent. 
But with the heavier wheels and shafts, sunk keys are 
employed, and then the weakening of the shaft is very 
considerable. Two courses are then open, either to in- 
crease the size of the shaft locally, that is just at the spot 
where the wheel is keyed on, or to increase it throughout 
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the whole length. There is little choice between the two, 
but the former would be cheaper when several crabs are 
being made, as costing less for metal ; the latter when one 
or two only were wanted, because the value of the extra 
metal would scarcely exceed that of jumping up, or of 
welding collars on the shafts. 

The barrel wheel is keyed either upon the barrel shaft 
directly, or upon the barrel itself, compare with Fig. 153, 
p. 151. The latter, though slightly more expensive, is the 
better plan, because the torsional strain on the shaft is 
lessened, the wheel forming an integral portion of the 
barrel; and the latter being keyed at each end much 
diminishes the torsional strain. 
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Fig. 148. 





Fig. 149. 



Fig. 149 shows one type of shaft pawl, a being the shaft. 
It is slid over a pin shaft, or spindle b, as most convenient. 
The weight c cast with it prevents the pawl from becoming 
jerked out of engagement with the shaft. Pawls are varied 
in form and proportions, and are most frequently made of 
steel and wrought iron. 

Fig. 150 illustrates a detail in shafting adopted in jointing 
up the necessary length for a square shaft, as used for 
driving overhead travellers, and Goliaths. The ends of the 
lengths are scarfed in the manner shown, and united with 
four or more rivets, countersunk, and filed down flush to 
permit the sleeve wheel (compare with Fig. 145, p. 144) 
to slide over the joint as elsewhere. 
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The hoisting drums of cranes occur in many diverse 
forms, and are used under many co iditions. They range 
from 6 in., to 8 or 9 ft. in diameter. They are plain, or 
grooved, the grooves being made to take either chain, or 
wire rope. The grooves run in one direction only, or right 
and left handed, or they are of fusee form. Drums are 




Fig. 150. 

usually bored, and keyed on their shafts. In some cheap 
classes of work, small drums are cast upon their shafts. 
This is not a good practice, because it makes the shaft hard 
and brittle, and prevents the replacement of a worn shaft 
with a new one. 

The diameter of the drum is one of the factors in the 
power and speed of a train of crane gearing. The smaller 




Fig. 151. 



it is, the greater the power which it transmits from the 
toothed wheel keyed upon it, or on its shaft; the larger 
it is the quicker the rate of hoisting. Hence, the gearing 
remaining the same, the drums of all quick-hoisting cranes 
are larger than those for more powerful cranes. 

Fig. 151 illustrates a plain drum used for chain, and 
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suitable for cranes of moderate powers. The proportions 
shown are good. The internal recessing next the bosses is 
done to prevent shrinkage strains which would occur if the 
ends were of the same thickness as the boss thickness. 




Fig. 152 is a spiral drum for chain, the chain links laying 
flat, and edgewise alternately; Fig. 153 shows a drum with 
right and left hand spirals, to lift the load always centrally. 
In these grooves the chain lies diagonally in the same 
position which it assumes on a plain barrel like Fig. 151. 
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The wheel is keyed on the drum, and has friction collars, 
see Chapter X., p. 145. The lugs shown are for the attach- 
ment of the chain. The drums for wire rope have grooves 
of the same shape as those in Fig. 153, but narrower, to 
embrace about one-third the circumference of the rope. 

Fig. 154 is a fusee barrel used for derrick cranes, the 
rope or chain- used rising up on the larger diameter of the 
drum, and there coiling faster as the jib is hoisted up, — 
the effect is to keep the load approximately level at all 
radii of the jib. In Fig. 1 54 the ratchet wheel is cast on 
the drum, a common practice. Fig. 155 is a warping drum 
as used on steam hoists for hauling trucks along with a rope 
payed round the drum. 
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Fig. 154- 



Fig. 155. 



In the case of the plain barrels up to about 24 in. in 
diameter, entire patterns are used, above that dimension 
loam patterns are employed, or loam moulds are struck. 
For the barrels below about 24 in., standard patterns are 
kept for standard work. Even for cranes of standard type 
the diameters of the drums are often varied to suit different 
radii of lifts. And in miscellaneous work drums occur in 
all diameters and lengths. Since too these patterns occupy 
a considerable amount of store room, the practice is to 
keep a few barrel patterns of definite diameters as 10, 12, 
13, 14, 15 in., &c., and long enough to include any length 
likely to be required, together with flanges of different 



diameteis, and make up any banel patterns therefrom to 
detloite dimensions when ordered. 



Fig. 156. 

In most hoisting machines the load is capable of being 
lowered with the brake, that is, when the load is in sus- 
pension, it is capable of being so retained for an indefinite 
period by the friction of the brake. Also, by 
momentarily releasing such friction, the load can 
be released, and lowered to any required degree, 
minute or otherwise, and again arrested by 
putting on the brake. 

With few exceptions, the brake is simply a 
smooth turned wheel embraced by a strap of 
wrought iron, with, or without intervening flexible 
wood, or leather lining. Fig. 156 represents the 
usual arrangement, by which it is seen that 
immense leverage is capable of being exerted on 
the strap. The blocks are properly made of 
willow, or poplar, screwed to the wrought-iron 
strap. The lever is, in winches or cranes, worked 
by hand or foot, and it may be on the right or pjg_ ,jj_ 
led hand side. The brake is either on the second, 
or the third motion shaft, to gain the greatest amount of 
power. It may be cast as a ring on the barrel wheel, or be 
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a separate ring with arms, and keyed on independently. 
The former is the plan to be preferred. Sometimes the 
brake is made to embrace the teeth of the barrel, but this 
is bad practice, wearing out the brake band rapidly. 

In Fig. 156 the leverage exerted at a on the length a 
of the lever b sets up tension in the strap b, with friction 
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Fig. 158. 

round the band wheel c, shown in this case on the same axis 
as the drum d, whence the load on the chain e is controlled. 
The power of the brake depends to a large degree on the 
portion of the circumference of c which is embraced by the 
strap by usually about three-fourths. The load on the rim 






Fig. 159. 



Fig. 160. 



of c is found by multiplying the load on e, by half the 
diameter d of the chain centres of the barrel, and dividing 
by half the diameter ct of the brake wheel. If the circum- 
ference embraced is three-fourths, three-fourths of the result 
is taken, and divided by the leverage of the handle b, that 
is, of the length a over a\ the final result giving the load 
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which has to be exercised on the end of b to measure the 
holding power of the brake. 

Fig. 157 is a section through a brake wheel cast as a 
separate piece. Often, however, brake wheels are cast on 
toothed wheels (compare with Fig. 139, p. 137). Fig. 158 
illustrates a typical brake strap. It is made of a strip of 
iron or steel, riveted to straps at the ends, with eyes for 
the brake pin. In the best brakes the straps are lined with 
short blocks of wood, from 3 to 4 in. wide, renewed when 
they become worn down. Leather is also used to a certain 
extent. Fig. 159 shows an anchorage for a brake, com- 
prising a casting bolted to crane cheeks, the lug forming 
the anchorage, and the boss receiving the pin. 

Fig. 160 is a typical magnetic brake, with two solenoids. 
When the current is on, it passes through these, holding 
down the keeper on the end of the lever, and keeping the 
brake strap off. Should the current be cut off, or fail from 
any cause, the keeper is released, and the counterweight 
instantly pulls the brake on. The action of the brake is 
prevented from going on with a jerk by a spring buffer in a 
box next the solenoids. 



CHAPTER XII. 
CHAINS, PITCH CHAINS, AND ROPES. 

Type of Chain used for Cranes — Dimensions — Periodical Inspection — 
Taking out Twist — Plain versus Grooved Drums — Pitch Chains — 
Their Utility — Types — Hoisting by Pitch Chains — Wire- Ropes — 
Diameter of Drum or Sheave — Care of Wire Ropes — Length of 
Splice — Cotton Ropes — Manila Ropes — ^Wear of Ropes— Length 
of Splice — Speed of Ropes — Diameter of Pulleys. 

Chains and ropes are used for lifting and hauling, pitch 
chains for transmission of power at comparatively short 
centres. Ropes are used for transmission over long dis- 
tances. Of late years there has been a growing disuse of 
chains for hauling in favour of wire ropes. 
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Crane chains are of the short link type, without studs, 
and may be safely worked to half the proof stress. The 
size is of course reckoned as that of the diameter of the 
iron from which the links are made, and the lengths and 
widths of links are given in proportions of the diameter, 
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Fig. 161. The annexed Table gives those proportions for 
chains ranging from J in. to i J in. 
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When making cupped pulleys it is necessary to make 
the recesses to suit the chain with which they are to be 
worked. The reason is, that as the links are welded by 
hand, slight variations occur in the dimensions of chains 
normally alike. 

The chains used on cranes vary from ^ to i^ in. size 
of iron. But it is not always advisable to use the largest 
chain. It is frequently better to employ a smaller size, 
with a return or snatch block. The most useful sizes range 
from jV> ^o \i, or | in. Above this, chains are very 
stiff and clumsy, and, special cases excepted, it is better to 
use wire rope when a direct quick lift is desired. 

Chains need periodical inspection and annealing to pre- 
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vent or delay the setting up of crystallisation in the iron. 
These operations should be performed at least once a year 
in the case of cranes which are in constant use. The links 
are examined individually by inspection, and are tapped 
with a hammer to detect the presence of incipient cracks. If 
such are found present, the faulty link or links must be cut 
out. Annealing is done by heating the chains slowly in a 
clear fire, or in a furnace, free from contact with fuel, letting 
them remain at a red heat for a day, or a day and a night, 
and allowing them to cool down slowly. They are then 
reeved round a sheave pulley and protected with a coat of 
boiled linseed oil applied with a brush. 

Chains are very liable to become atwist, which tends to 
produce strains under the action of a load. New chains are 
often twisted. It is removed by laying the chain out along 
on the ground, and turning it about until the twist is taken 
out. When a chain becomes twisted on its drum, the slack 
is run out, and the twist removed by turning it at the snatch 
block. 

It is in every way better to use grooved drums for crane 
chains tthan smooth ones. In the latter the chains are 
liable to override, especially at high speeds, and then 
slipping off, surging, twisting, and overstraining takes place. 
Running in grooves, the chain is compelled to follow its 
proper course, besides which it is supported alternately on 
flats instead of being strained across the angles. 

Pitch chain is used to transmit power for short distances. 
Its principal applications are for transmitting motion from 
the driving axle to another driver on the trucks of portable 
cranes, and operating the ground wheels of Goliath and 
gantry cranes from a shaft running alongside the gantry 
beams, and which is driven by the crab engines. 

Pitch chains are used for transmitting movement to the 
wheel axles of travelling cranes and Goliaths, because the 
centres are too far apart to be covered by toothed gears, and 
shafts. The drive is positive, and there is no limit within 
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reason to which it is not applicable, since it ranges from 2 or 
3 ft. to 30 or 40 ft. The chains fit over teeth of suitable 
form cast with their wheels. 

Pitch chains are usually made by the crane-makers 
themselves in pairs of links only, instead of in thin laminae, 
Fig. 162, which is the better plan. They are stamped in 
dies, and drilled in jigs, the pins are turned in a turret lathe, 



and the ends riveted over by hand. The small sizes of 
chains are still usually made with single-plated links, but 
large ones should have more than one, because greater 
safety is secured in this way than with a single thick link. 
These are stud chains always, and the links are riveted over 
at each end. The sprocket wheels are cast from patterns 
in iron, or in steel, and the links as a rule fit to the rough 
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castings. In high-class work, and for heavy transmission, 
the teeth of the wheels are properly tooled, either by slotting, 
or preferably milling. 

Pitch chains are used to a considerable extent on the 
Continent for hoisting, though they are scarcely used here. 
In place of the usual barrel, a sprocket winds up the chain, 
and the slack of this is run into a box as it is hoisted 
(see Plate). 

Hempen ropes have been employed on cranes for more 
than a century. They are still used for light warehouse 
cranes, derricks, and winches, but are seldom employed 
for loads of more than from lo or 15 cwt. But they are 
utilised as slings for hoisting weights much heavier. 

Wire rope on the other hand, though its introduction 
dates back only about twenty years, is used alike for the 
heaviest, as for the lightest loads, and is in fact the best 
thing to employ on the biggest cranes, because, if for no 
other reason, that it occupies much less space than chain 
of equivalent strength. It is safer than chain, because it 
gives warning by stretching before fracture. But it requires 
larger drums in order to avoid risk of stretching of the 
outer strands when the ropes are being coiled round. 

The kind of rope commonly used is a specially flexible 
one composed of six strands, each of twelve wires, enclosing 
a hempen core, and the whole being laid round a hempen 
heart. These are termed compound ropes. If a very high 
degree of flexibility is required, a larger number of wires of 
smaller size is used, the hemp cores being diminished in 
size, or omitted, excepting the centre one or heart. Ninety 
tons per square inch is the breaking strength of the wire, 
though a higher strength is obtainable if desired. The ropes 
which are' made entirely of wire weigh of course more per 
fathom than those with hem^ cores. 

The minimum diameter of drum or sheave around which 
wire ropes should be wound is thirty times the circum- 
ference of the rope used. A wire rope occupies about 
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one-ninth of the space on a drum that a chain of equivalent 
strength does, and it makes less noise when hoisting. Thus, 
a wire rope of 3 in. in circumference weighs 7 lbs. per 
fathom, a chain of equal strength 30 lbs., and a hempen 
rope 19 lbs. per fathom. 

Some years ago, 1892, an interesting discussion took 
place in Engineering relative to the proper diameter of 
pulleys for wire ropes. Various formulae were offered, 
which were far from being uniform or satisfac- 
tory. One point insisted on by a ropemaker 
was that the diameter should vary not in direct 
proportion to the size of the rope, but as the 
sectional area of the wire comprising the rope, 
and according to whether there are hemp cores 
or not in the strands. One of the engineers on 
the Forth Bridge gave it as his experience after 
trying ropes by two makers of high repute, that 
neither the size of the pulleys nor the quality of 
the ropes, in his particular experience, had any- 
thing to do with the results. He found that 
in certain hoists with pulleys having their grooves 
turned and polished, and with side play for the 
ropes, the latter wore out rapidly in from six 
weeks to three months. But the simple ex- 
pedient of lining the pulleys with wood, and 
lubricating the ropes properly, entirely remedied Fig. 163. 
the mischief, and the ropes then ran for two or 
three years, until the bridge was completed, with scarcely 
any signs of wear. 

Wire ropes must be kept well oiled, linseed, or any oil 
will do, provided it is free from acid, or alkali. Care 
must be taken to avoid twist, kinks, and overlaps. In 
unwinding a rope, therefore, it must not be taken from the 
coil, but ran off from a reel. To prevent overlap, the 
drums are grooved for the rope to lay in, and it is better to 
have but one coil on a drum. The ends of ropes are fastened 
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to a thimble, Fig. 163, both for attachment to the drum, 
and to the hook, see p. 177. In h'ght cranes the thimble 
is sometimes omitted in the case of the drum fastening, 
and instead a tapered hole is cored in the lug, the plain 
end of the rope passed through it from the small end, and 
tightened at the large end by driving in a steel wedge. 

An important difference in the hempen and the wire 
ropes is the length of the splice. From 6 to 9 ft. is long 
enough for the former, the latter varies from 30 to 60 ft. 
When a rope is closed in the opposite direction to that 
in which the strands are laid, 15 ft. is unlaid at each end 
to form the splice; when closed in the same direction, 
30 ft. is unlaid at each end for splicing. 

Cotton rope driving is still largely employed on overhead 
travellers, and on single rail cranes, notwithstanding that 
electric driving has been busily supplanting it. These 
ropes have in many instances given much trouble, due to 
several causes, so that their average life is much less than 
that of main driving ropes. I'he principal reasons are, 
that less care is usually taken in regard to having the 
pulleys large enough, smooth in the grooves, properly 
balanced, and in the avoidance of sharp bends. 

Cotton, and manila, are preferred to hemp for crane ropes, 
because they are softer, more flexible, stronger, stretch less, 
and are more durable. Cotton is used with us, manila 
is extensively employed in America. Four strands are 
used in preference to three. Mr Hart's ropes are made 
of cotton alone, and each strand has a core which is not 
twisted, so that the tendency to stretch is as good as 
eliminated. Each central core is covered spirally with ten 
twisted cords of cotton yarn. Experience shows that 
equally good results are obtained with manila, or cotton 
ropes, if equal care is bestowed on the size and shape of 
the pulleys, and on lubrication. 

In the manufacture of manila ropes the fibres are first 
spun into a yarn twisted in a right-hand direction. From 
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twenty to eighty of these yarns are then twisted together 
in the opposite direction, the number depending on the 
size of the rope. Four of these strands are then twisted 
together right hand to form the rope. The effect of strain 
on the rope is therefore to cause these opposite twists to 
neutralise one another, or nearly so. 

It is because it is impossible to make these exactly 
neutralise each other that the twist has to be taken out 
of a new rope. A certain amount comes out in the course 
of the wear of the first day or two, and the rope stretches, 
but afterwards the length will remain nearly constant unless 
the rope is overloaded. 

Ropes wear either externally, or internally. The first is 
due to the friction between the rope and its pulley, and 
the constant bending of the fibres round the curves of 
the pulleys. The second is due to the friction of the 
fibres over each other, as the rope is alternately bent and 
straightened, the result of which on opening a badly worn 
rope is seen in the form of powder. To reduce this, the 
yarns of good manila ropes are lubricated with plumbago 
and tallow, besides being rendered partly waterproof. 

A frequent cause of failure in ropes has been too short 
a splice, or a splice not evenly made. A short splice of 
2 or 3 ft. will inevitably be pulled out. The length should 
not be less than stated above. Oa its evenness or otherwise 
also its durability depends. It should not be larger or 
smaller than the rest of the rope. 

3,300 ft. a minute is a good average speed for crane 
ropes. Ropes must not be overstrained ; they are not 
worked in good practice beyond about one -twentieth of 
their breaking strain reckoned at the splice. 

The diameters of pulleys for crane ropes should not be 
less than forty times the diameter of the rope. 



CHAPTER XIII. 

CHAIN PULLEYS, SPROCKET WHEELS, 
AND ROPE WHEELS. 

Classes of Pulleys used on Cranes — Plain Wheels — Flanges — Cupped 
Wheels — Chain Wheels with Nibs — Sprocket Wheels — Rope 
Wheels — ^Wave Wheels — Guides. 

Pulleys on cranes are used for various purposes, as fixed 
pulleys for altering the direction of movement of chains or 
ropes, movable pulleys, as in snatch blocks, and in the 
pulley blocks. They are either plain, or cupped to receive 
the links of the chains. And they are simply revolved by 
the coercion of their chains or ropes, as in hoisting and 
lowering, or they exert a pull on the chain, as in cupped 
drums and sprocket wheels, which are used for the travelling 
and other gears of cranes. 

The sectional forms of pulleys vary with these functions, 
and with the nature of the lifting agent employed, which is 
either short link chain, or round wire rope, or hempen rope. 

Plain wheels for chains are those in which the section is 
continuous all round. A concave section is very common, 
but it is slightly open to objection, because the chain lies 
diagonally in the groove, and is subject to strain due to the 
side pressure on the links. But the chief practical objection 
is that the chain is liable to twist in its length, since there 
is nothing in the way of coercion exercised to keep it in line. 
In the heavier types of cranes, therefore, the sheave wheels 
generally have a grooved section similar to that on drums. 
Fig. 152, p. 150, in which the chains ride flatwise, and every 
alternate link falls freely into the groove. In slow-moving 
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cranes, as on some of hydraulic type, flanges are sometimes 
omitted, as they are not really necessary in such cases. In 
no instance must flanges be allowed to come into contact 
with the edges of the chain links, but a side clearance of 
from i to J in. must be allowed. Without this clearance 
the chain will bear hard against the flanges, and burst 
portions of them off. For a rapidly moving chain liable to 
surging, the flanges are a safe- 
guard, and should always be 
included. All pulleys of this 
class must be of large diameter, 
otherwise the links are unduly 
stressed, being strained over 
them. 

The cupped form of sheave. 
Fig. 164, is used when the 

chain has to be led by the sheave, or to lead it positively 
without slip. These wheels are troublesome to make cor- 
rectly, and a perfect working fit is not easily retained because 
the chains stretch with use. Hence they are usually of 
small diameter, a matter of no moment in this case, as in 
the plain types instanced, because each alternate link lies 




Fig. 164. 





Fig. 165. 



flat in its recess, and is not strained by any bending action 
as when running over a plain pulley. 

Chain wheels with nibs are used for operating light hand 
travellers, both for travelling the girders, and the crab. 
They are of the section shown in Fig. 165, and the nibs 
are cast at intervals to aflbrd a bite to the chain by which 
the wheel is pulled round. They are also used for actuating 
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the racking carriages of triangular-framed wall frames. They 

are efficient for their purpose, owing to the frictional contact 

afforded by the nibs round the large arc of contact, — half 

the circumference afforded by the pulley rim. 

Sprocket wheels are a special type of chain wheel used 

for pitch chain, for transmitting motion to the travelling 

wheels of portable, and Goliath cranes. They are cast in 

iron, or in steel, and the pitch of the sprockets or teeth is 

the same as the pitch of the chain. The disadvantage of 

this is, that as the chains stretch with service they override 

on their teeth. In the Renold system of chains, which 

have been also fitted to cranes to some extent, this is 

prevented by adopting a different pitch for the 

wheels from that of the chain. But this refinement 

is not generally adopted by the crane-makers. 

Sprocket wheels are designed with the idea, that 

when a wheel and chain are in engagement all 

teeth are acting, and that no slipping can occur. 

But though a wheel and chain may be made to 

fit thus when new, yet as soon as work begins the 

chain lengthens, both in pitch, and in its pivot 

bearing, and thus after a little service it can never 

T7- ,/:/: be in contact with more than one tooth at once. 
Fig. 1 66. 

A result which follows is, that the drivmg wheel 
tends to run faster, and the driven wheel slower than the 
chain. Mr Renold designs wheels and chains with different 
pitches and tooth shapes to correct these errors, and uses 
cut wheels invariably, as cast ones are not accurate enough 
to give good results. 

Rope wheels have come into very extensive use since the 
development of the wire rope industry. Previous to that, 
the rope wheels used were made for hempen, and cotton 
ropes, forms which have much in common. 

Pulley grooves should always be turned, to prevent the 
fraying of the wires of which the rope is composed, and this 
applies to hempen as well as to wire ropes. A rough cast 
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rim wears out a rope very quickly, the most marked examples 
of which are furnished by the transmission pulleys of cotton 
rope travellers. In a correct section for a rope wheel, the 
point to observe is, that the rope bears only on the bottom 
of the groove. The side clearance prevents the unnecessary 
and injurious friction which would occur if the rope were in 
contact with the groove round its semi-diameter. 




Fig. 167. 

A peculiar form of rope wheel for hempen ropes has been 
used on many travellers, and called the wave wheel, Fig. 
166, so-called because a waved or sinuous disposition is im- 
parted to the lower part of the groove in which the rope 
lays. This is imparted in order to increase the bite of the 
rope, and is very efficient. The wheels are rather expensive. 



l68 HOISTING MACHINERY. 

and are not now used to a great extent, being chiefly em- 
ployed for ropes to actuate the gears of light travellers, &c. 
Figs. 167, 168 illustrate two forms of the rope wheel, 
the first with wrought-iron arms, the second with cast. Both 
types are used on overhead travelling cranes operated by 
hand, the ropes being dependent. The arms in Fig. 167 
are strutted, that is they lie alternately in diflerent planes, 




Fig. 168. 



where they enter the boss into which they are cast. Fig. 
168 shows the guide pulleys frequently used to bring the 
lower portions of the rope around a larger arc of contact 
with the pulley than is obtained in the case of the large 
pulley, Fig. 167. Tee-shaped guides are fitted in each case 
around the centre pin, to prevent the rope from getting off 
the pulleys. 



CHAPTER XIV. 

HOOKS, SNATCH BLOCKS, AND 
ANCHORAGES. 

The Forms of Hooks— Snatch Blocks — Cast-iron Blocks— Built-up 
Blocks — Shackles — Ball Races — ^Anchorages of Chains. 

The hooks of cranes are single or double. They are at- 
tached directly to their chains, or with an intermediary 
swivel. They are mostly open. When the attachment at 
the termination of the chain is closed, it is termed a shackle. 
Hooks are used with or without snatch blocks. They are 
made usually of best wrought iron, bent round to retain the 





Fig. 169. 



Fig. 170. 



greatest strength of the fibre. In recent years hooks have 
been made of mild steel stamped in dies. A plain hook is 
shown in Fig. 169, with an eye only, for direct attachment 
to its chain or rope. A swivel hook is seen in Fig. 170. 
The weakest section of a hook lies along the plane a — «, 
Fig. 169, due to the leverage of the load. The largest 
section of metal is therefore massed there. The sections 
across the eye are only subject to a direct pull. In Fig. 
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171, which is a sling chain, the method of attachment of the 
form of hook in Fig. 169 is seen. In Fig. 172 the swivel 
attachment of the hook in Fig. 170 is shown, together with a 
counterbalance ball weight by which the slack of the chain 
is overhauled when there is no load being lifted. The hook 
in Fig. 169 is never used for any but light and moderate 
loads, that in Fig. 1 70 is suitable for all loads. 

The snatch, or return block is used on all cranes except- 
ing those of low powers, in order to increase the lifting 





Fig. 171. 



Fig. 172. 



power without unduly increasing the size of the chain, or 
wire rope which sustains the weight of the load. The 
designs of these blocks vary to a wide extent. Essentially 
they comprise cheeks, a pulley or pulleys, and a swivelling 
hook. 

Cast-iron snatch blocks are used sometimes for small 
cranes, being cheaper than those built up of plate and 
forgings. One of these is shown in Fig. 173; the cheeks 
are formed of two castings flanged inwardly and planed in 
the joints. They are fastened with bolts. The metal is 
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thickened to form bosses for the pulley pin. The hole for 
the hook is so bored that no countersinking or riveting is 
necessary, but the hook is turned to fit the enlarged hemi- 
spherical seating for it, in which it swivels. The hole is 




Fig. 173. 



Fig. 174. 



slightly bell-mouthed at the bottom, to allow the hook 
freedom of movement in the horizontal plane. 

Fig. 174 shows a snatch block formed of two side plates 
of sheet iron or steel, stiffened with side bars, which take 
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Fig. 177. 



the load, and kept apart with distance pieces. The hook 
swivels in a block through which its neck passes, and in 
which it is secured by riveting over. In Fig. 175 the cheeks 
take the form of two forged crosses main- 
tained apart by distance pieces. The hook 
swivels as in the previous case, in a block 
of steel which also forms a distance piece. 
Fig. 176 is a heavy type of block with 
three pulleys for wire rope. Here the 
method of construction is with forgings, 
which take the pulley pin, and the necks 
of the swivel block, and steel plates stiffen 
the whole arrangement. Intermediate plates separate the 
pulleys, being maintained at their proper distances apart by 

short distance pieces of tube. 
In this example the hook is 
double — the ram's horn — a fre- 
quent type adopted in very heavy 
cranes, permitting of the use of 
two chains better than the com- 
mon type does. 

Fig. 177 shows a light form 
of shackle separately from its 
attachment, and Fig. 178 one of 
heavier type, fitted to swivel in 
its snatch block. These are 
generally used for very heavy 
loads. Frequently a shackle like 
Fig. 177 is inserted in one like 
Fig. 178, and the lifting chain is 
carried on the former. There is 
then no risk of the chain slipping 
out as there sometimes is in the 
case of an open side hook. These take the place of a 
safety hook, that is, one in which the open side is closed by 
a spring contrivance after the insertion of the load, to pre- 




Fig. 178. 
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vent its pulling off the hook, which is very possible in some 
cases, where the road may tilt, or touch ground. . Shackles 
like Fig. 177 are used for the attachment of the return 
chain at the crane end, as at the top of the jib. 

At the present time large numbers of cranes have their 
crane hooks made to swivel on ball races. It used to be a 
terrible task to slew the hook of a heavy crane when loaded. 
Oil was applied to the neck, and men pulled round at the 
load. A device also used on heavy cranes is worm gear, 
the worm being turned by a ratchet handle, so actuating the 
worm wheel on the axis of the hook. Then several hardened 
washers were used to lessen the friction, following that, 
conical roller races, borrowed from the turntables. A good 
number of these have been fitted, and are doubtless the , 
best for the very heaviest loads. These rollers and races are 





Fig. 179- 



Fig. 180. 



turned in cast steel, but no attempt is made to harden them. 
Recently ball bearing makers have turned their attention to 
these fittings, and supply hardened and ground roller races 
for crane hooks. Owing to the imperfect methods which 
were adopted in making the early roller races, they were far 
from satisfactory, and so ball races were introduced. Many 
of these have been made incorrectly, with the sloping sides 
of the races of equal length and angle, which causes the 
balls to slide partly, instead of rolling simply. The correct 
method is shown in Fig. 179, in which the points of contact 
lie along lines drawn radially from the centre. These 
points are in the same relation then as in conical rollers. 
Another shape which is much fitted to races is that 
shown in Fig. 180, in which instead of four bearing 
points, two only are provided, at the bottoms of concave 
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grooves. In the Hoffman ball race a self-adjusting device 
exists in the fitting of a floating ring which slips on a 
conical seating in the ball case. As the hook therefore 
sways a few degrees out of the perpendicular, the close 




Fig. i8i. 
contact of the balls between their seatings is maintained 
intact and perfect. Besides this, a retaining ring or wire 
prevents all risk of the balls jumping out of place when the 
bearing is taken out. 




Fig. 182. 

The end of the chain next the barrel or hoisting drum is 

attached in such a way as to remain permanently fastened. 

This may be done in several ways. One is to bolt an eye 

link or shutting link to one of the flanges, Fig. 181, or to 
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the body of the drum. Figs. i8z, 183. But this is not so neat 
a method as some others. Another and common way is 



to cast a lug on the dram, Fig. 184, and pass an eye bolt 
through it This is a good plan. Another is to core a hole 




n the barrel to receive the end of an eye link, and fasten it 
fith a screw, Fig. 185, passed through from the outside. 




This also is a good method. In the case of wire ropes, a 
method sometimes adopted, though not a good one, is to 
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cast a lug with a taper hole, insert the end of the rope from 
the smaller end, and wedge it out at the other. Fig. i86. 




Fig. 186. 

The best method is that shown in Fig. 187, where the wire 
rope is brought through an opening cast in the drum, and 
its eye, with a thimble inserted, is passed between lugs cast 




Fig. 187. 

internally, and there secured with a pin passed in from the 
end of the drum. 

M 



SECTION 11. 

THE METHODS OF OPERATION OF CRANES. 



CHAPTER XV. 

HAND, STEAM, WATER, AIR, AND 

ELECTRICITY. 

Radius of Winch Handles — Height from Platform — Rope and Chain 
Wheels — Steam Power — Class of Engines used and Boilers — 
Water Power — Its Utilities and Limitations — Air — Types of Air 
Hoists — Electricity — Its Value — Reversals of Motion — Early and 
Later Motors — Advantages of Electric Drive. 

The methods of operation of cranes include Hand Power, 
Steam, Water, Air, and Electricity. With some few excep- 
tions these are in rivalry, in the same classes of cranes. That 
is, in certain types of cranes, examples occur in which each 
agency is employed, in other types four come into competi- 
tion, in others three, or only two. 

Hand Power. 

This is the oldest method of operating cranes, and one 
which retains its hold very tenaciously. There will always 
be room for hand cranes of nearly all types, but in many 
cases they might, when retained, be superseded with advan- 
tage in regard to speed, and with much economy also. The 
proper sphere for a hand crane is when the work done is 
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very intermittent, when long intervals of idleness elapse 
between spells of service, and generally when but moderate 
loads have to be lifted. 

At one time all cranes were operated by hand, then came 
hydraulic, and steam power, afterwards air, and finally elec- 
tricity. Hand power is nevertheless of great value still in 
very many instances. 

The simplest application of the latter is through winch 
handles. These are usually of i6 or 17 in. radius, and the 
power of a man exerted at that radius is multiplied into the 
circumference of the circle described by the handle. The 
power which a man is able to exercise is very variable, 
depending on the time through which it is maintained. 
Fifteen pounds is usually taken in calculations as being an 
average continued through a day's work. Some estimate on 
a basis of 20 lbs. For short periods from 25 to 30 lbs. can 
be taken. 

The height of the handles is generally fixed at about 3 ft. 
from the ground line, or from the platform on which the 
man stands, as it is found that he is best able to exercise 
his maximum energy with the handles at about that height. 
Bringing them higher or lower involves reaching too high 
or too low, at the extremes of height or depth during the 
revolutions of the handles. 

Winch handles are fitted to warehouse, and wharf cranes, 
to fixed, and portable cranes, and to overhead travellers. 

Another method of operation by hand is through rope, or 
chain wheels. The application of these lies in overhead 
travellers, and in the Jennys of triangular-framed cranes, 
where the man operates from the ground. The rope or 
chain comes down to within easy reach, and pulling at 
it turns the wheel above, and with it the gearing. The 
mechanical gain obtained is the same as that of the winch 
handles. The wheels used have plain rims, or they are 
waved, or have nibs cast on to increase the bite of the rope 
or chain, see Chapter XII T„ p. 165. 
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Steam Power. 



This has filled a wider place in crane driving in the past 
than it is likely to do again. Like hand power, it cannot 
be wholly superseded for many years to come, if ever, but 
its sphere will be narrowed. Steam is used for driving 
every type of crane made, from the lightest to the most 
powerful. It is so easy to put an engine on any crane, 
and it matters little how roughly made it may be. A 
boiler too is an excellent counterbalance to a jib. 

It is the practice in crane-making firms to have a few 
standard types of engines and boilers, and make these do 
duty for nearly the whole range of steam cranes of all classes, 
relying on the gearing to make up the power wanted at the 
hook. Such engines and boilers are of simple type. The 
cylinders are bolted to side frames, or to foot plates, or beds, 
according to the class of crane, or crab, the steam works ex- 
pansively with a single valve set with a lap, giving admission 
during about three-quarters, or five-eighths of the stroke, and 
the steam exhausts into the atmosphere direct. The nature of 
the service is not such as to admit of any of the usual econo- 
mies that are practised with high class stationary engines. 
The service is very hard, an enormous quantity of steam being 
required during the performance of maximum duty, besides 
which the service is usually of a more or less intermittent 
character. During intervals of loading it is usually necessary 
to fire hard, in order to get up the pressure that has run 
down quickly while lifting. 

The boiler employed is, with very few exceptions, of the 
common vertical type, as being easily fired, and kept in 
working order. The number of cross tubes, and the various 
details, depend on the dimensions. The tubes number from 
one to three, in the smallest, and largest boilers respectively. 
The crowns are stayed, fire bars are cast, or wrought, and 
generally the shell is lagged with wood, or sheet iron, to 
lessen the radiation, and waste of heat. Besides these a 
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good many verticals are used which have patented arrange- 
ments of fire tubes, the speciaHties of firms. Horizontal 
locomotive type boilers have been used to a limited extent 
on some large cranes. 

Water Power. 

Water is used for fixed cranes chiefly, though systems of 
jointed or walking pipes provide means for its conveyance 
through a range of a few feet to some special types of port- 
able cranes, chiefly those which are used for riveting. Many 
of the great fixed cranes on our quays and dock walls are of 
hydraulic type, and so are many of a much lighter class in 
warehouses and shops. This is an admirable source of 
power for cranes of fixed type. 

The movement of a hydraulic crane is smoother than that 
of a steam-driven one, and is more perfectly under control. 
It is, however, more complicated, and massive, load for load, 
the cylinders and chains occupying a good deal of room, and 
the base is of large proportions. The hydraulic crane is 
however, preferable to steam for fixed wharf duty, and for 
warehouses. It is a fair rival to steam for heavy work on 
dock sides. For carrying hydraulic riveting machines along 
over their work it is the best agency at present. An objec- 
tion to water power is frost, but this is guarded against in 
cold climates by bringing the pipes underground, and by 
admixture of glycerine with the power water. The latter is 
also let out of the pipes and cylinders at night. The relative 
pressure of water is a question of area of rams or pistons. 
The length of stroke is either direct, or altered by chains or 
pulleys. 

Air. 

The power of compressed air has only been successfully 
applied to the hoisting of loads during a comparatively 
recent period, and the greatest development of this agency 
has occurred in America. It is not employed for very heavy 
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cranes, but for the lighter ones only, and the hoist is usually 
direct, that is, the maximum height of lift is the same as 
the full length of stroke of the piston in the air cylinder. 

The usual form of air hoist comprises an air cylinder of a 
few inches in diameter, and a close-fitting piston and rod, from 
the lower end of which the load hangs. The great objection 
to this type of machine long was, and still is, in certain 
cases, that the elasticity and compressibility of the air induces 
a jerky motion in the piston, which is fatal to precise and 
safe lifting. This no longer holds good in the best hoists, 
which are governed in various fashions. The result is that 
the light hoists capable of lifting loads of a few hundred- 
weights are used by thousands in American foundries, and 
machine shops, in warehouses and stores. A system of 
pipes conveys compressed air throughout the area to be 
served, and the hoists are connected thereto at intervals 
with flexible pipe. 

Besides the single vertical cylinder type of hoist, there are 
the horizontal, and inclined cylinder types used in crane 
framework, and those which are suspended by gimbal joints 
from traveller beams along which they are traversed. 

There are a few lesser used types of air-operated cranes, 

in which small three-cylinder engines produce a rotary 

motion, and are fitted to travellers, in the same fashion as 

electric motors. 

Electricity. 

The general application of the electric current dates from 
about 1890, though isolated examples might have been 
found at an earlier period. It is rather astonishing how 
this has grown since. The electric traveller has been 
affected by the innovation more than any other single 
type, the gantry type of wharf crane following that. 

The electric drive owes its value to the fact that a simple 
wire conductor bridges over any interval that separates the 
crane from its source of energy. Instead of generating 
energy on the crane, as in the steam-driven type, it is 
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brought from a dynamo elsewhere, and reconverted into 
motion by a motor or motors on the crane. Dead weight 
is thereby lessened, great distances offer no difficulties, and 
pipes are abolished. No steam, or objectionable fumes, are 
produced. It is therefore on the overhead travelling types 
of cranes that the electric drive achieved its first and its 
greatest triumph. 

But the first difficulty encountered was due to the fact 
that all cranes have to be reversed at frequent intervals for 
the two movements of hoisting and lowering, travelling and 
traversing. All crane engines are made for reversal, and 
where the actuating agent runs constantly in one direction 
as does the cotton rope, the intricate mechanism of clutches 
and sets of gears, or of open and crossed belts, comes in. 
When the first motors were put on cranies all this mechanism 
was necessarily retained, because the motors ran only in one 
direction. Not until some years after were reversible motors 
fitted, but now they are generally employed, with the result 
that much complicated machinery is dispensed with, lighten- 
ing the crane and vastly increasing its efficiency. 

Another point is, that the early motors were all very high 
speeded, much higher than any of the movements of any 
crane, and so a considerable amount of reducing gear be- 
came necessary, which increased the friction, and frictional 
losses. Then slower speeded motors of large dimensions 
were introduced, and the gears reduced, at which stage the 
modern electric crane has arrived at the present time. The 
early open motors have practically universally given place 
to the enclosed type, which may be surrounded by a large 
amount of dust and dirt without injury. 

The advantages of the electric drive are so great that 
every year now adds enormously to the numbers of new 
cranes so operated. In the old overhead travelling cranes, 
whether driven by square shafts, or ropes, the shafts and 
ropes were running constantly, though the work of the crane 
might be very intermittent. But in an electric crane none 
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of the mechanism is running until the attendant switches 
on the current. 

Further, the same amount of power is transmitted in the 
older overhead cranes for operating all the various motions, 
though there is a wide difference in the power used in 
hoisting, travelling, and traversing. In a modern electric 
travelling crane each of these movements is operated by its 
own motor of a power adapted to its work. In a good 
many cranes also an auxiliary hoist is included for dealing 
rapidly with very light loads, and this also has its own 
motor. 

An advantage of the application of the electric current to 
light hoists is that their speeds can be increased very greatly 
over those of the hand operated differential type, yet without 
sacrificing safety, because the hoist, through the magnetic 
brake, is self-sustaining. 

The employment of the new agents, air, and electricity, 
marks a very great advance in crane design, which is 
paralleled only by the introduction of steam, and of water 
in the past. It would be easy to dwell at length on this 
forecast, but space forbids. 



SECTION III. 

THE MATERIALS USED IN CRANES, AND 
THEIR SPECIFIC APPLICATION. 



CHAPTER XVI. 

TIMBER, CAST IRON, WROUGHT IRON, 
STEEL, GUN-METAL, PHOSPHOR 
BRONZE, AND DELTA METAL. 

Timber — Kinds used, and Specific Applications — Cast Iron — Its 
Utility — In Trucks — Cheeks — Cross Girders — Wrought Iron and 
Steel — In Trucks — Cheeks — Tension Roads — Gun -metal, &c. — 
In Bearings, Gears, &c. 

The materials used in cranes are not always similar even 
for cranes of similar types and dimensions. The following 
remarks will, however, cover most of the conditions which 
exist in general practice. 

Timber. 

Timber is not used to nearly so great an extent in 
crane work as of old. Yet a considerable amount enters 
into the construction of hand cranes, hand travellers, 
Goliaths, and derricks. It is put into trucks, cradles, the 
uprights of Goliaths, and gantries, and the jibs of cranes. 
It is a good and reliable material, lasting sound from a 
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quarter to half a century, with reasonable protection. The 
kinds used are red deal, pitch pine, and oak, all excellent 
materials when sound. Pitch pine is of especial value, 
because it can be obtained in long balks from lo to i6 
in. square, dimensions which are often required for overhead 
travellers, for Goliath framings, and for crane jibs. Oak is 
used chiefly in smaller sections of jibs, for which, if sound 
and well seasoned, it is an ideal material. Timber is used 
freely for the entire framings of derrick cranes, of triangular- 
framed cranes, for foundry and warehouse service. 

Cast Iron. 

Cast iron is employed more largely than any other single 
material in the general work of crane structures. The ex- 
ceptions occur in some cranes of very special design, as 
those for service on permanent way, in breakdown work, 
in those used in powder factories, where gun-metal is ex- 
clusively employed, and in the big cranes where the plated 
work vastly predominates over the cast. 

In cranes, as in all other departments of engineering, the 
facility which cast metal offers over forged or plated for the 
average run of work gives it pre eminence. It has, however, 
to be used with judgment, because of its weaknesses when 
in tension, or in transverse stress. It is seldom employed 
in simple tension, but when suitably designed it will stand 
severe cross breaking strains and shocks. 

Trucks are made of timber, cast iron, wrought iron, and 
steel. Neither timber nor cast iron are much used now for 
the trucks of large cranes. When heavy loads have to be 
lifted, the surging and shock which frequently occur render 
the material liable to fracture, especially when the experience 
of a firm in the designing and proportioning of cast-iron 
trucks has not been very extensive. Very slight alterations 
in proportions will frequently make the difference between 
safety and insecurity. The strength of trucks is therefore 
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not so much a matter of calculation, as of experience, and 
trial and failure. The weakest part of a truck casting is 
generally at the junction of the central boss with the ribs, 
and this is just the part where the massing of metal is in- 
judicious. But with careful designing, and moulding, trucks 
made wholly of cast iron can be usually depended on in 
cranes up to about 5 tons power. Above that it is better to 
frame the trucks of steel, enclosing a central casting which 
forms a step for the post, and path for the rollers. In that 
case the bearings for the axles must be bolted to the framing. 
But that is often done for convenience when the truck is 
made wholly of cast iron. 

Cast iron is used to a considerable extent for the cheeks 
and side frames, the cross stretchers, or girders, which main- 
tain the frames rigidly at their proper distance apart, and 
that form bearings and points of attachment for various 
fittings seldom made of any other material than cast iron. 
They are stiff and strong, and seldom fracture unless indeed 
by the overturning of a crane. 

Wrought Iron and Steel. 

Wrought iron, excepting for forgings, is used but little 
now in crane-making. It has been nearly supplanted in 
the work of the plater and boilermaker by mild steel, partly 
because the latter, — strength for strength — permits of the 
use of lighter scantlings, partly because steel has no grain, 
as wrought iron has, and the strength is therefore equal, 
irrespective of the direction in which plates are cut. 

Trucks are not often now built up in iron because this 
material has been nearly displaced by steel for plated work. 
Generally they are built of plate and angle, but sometimes 
of H sections or of channels. The corners are united with 
angles. The centre casting prevents diagonal movement. 
Brackets are bolted to truck and centre casting to carry 
axles, or other attachments. Illustrations of trucks occur 
on pp. 81-85. 
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Though cast iron is employed for the side frames of 
cheeks to a large extent, plated frames of wrought iron or 
steel are filling a large place of late years. Generally these 
occur in cranes of large power, in cranes for permanent 
way, and in those in which it is desired to eliminate all 
possible risks of fracture, incidental to the use of cast iron. 
The cost is greater, because the bearings for the shafts have 
to be fitted and bolted against the plate and angle, of which 
the frames are built up, and the cost of plating is heavier 
than that of moulding. But the advantages of the plated 
frames are so much superior to those of cast-iron ones, that 
the use of the former has extended rapidly of late years, not 
only in the case of large cranes, but also, though in a lesser 
degree, for those of low powers. 

Iron and steel bars and rods are used for the shafts and 
axles, and forged work. Often the engine shaft, and truck 
axles are of steel, and the remainder of iron. Tension rods 
are mostly made in iron, when eyes have to be welded on 
the ends. Common chains are of iron, pitch chains of steel, 
wire ropes of steel, though formerly these were of iron. 

Castings of steel are now employed very extensively for 
girders and brackets as well as for gears and wheels. They 
are lighter than those of iron, and more durable. Generally 
different patterns have to be made for steel because of the 
difference in shrinkage, and apart from this they must be 
so made if the advantage of lightness for equal strength is to 
be secured. 

Gun-metal, Phosphor Bronze, and Delta Metal, &c. 

Gun-metal and its alloys are used for bearings and many 
sliding surfaces, for small toothed wheels, for which service 
raw-hide gears have come into competition with them. 
Brass has practically no place in crane work. In good 
cranes, shafts and axles run in gun-metal bearings, mostly 
divided, but some are solid. Only in cheap cranes do the 
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shaft journals run in iron bearings. Worms are mostly 
made in phosphor bronze. These gear well with steel, 
whether lubricated or not, but steel worms will not run 
nicely with steel wheels, without risk of seizing. Delta 
metal is used for the shafts of light cranes, as well as for light 
gears. Raw hide is mostly employed in electrical reduction 
gears. 
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CHAPTER XVII. 
FIXED CRANES. 

Pulley Blocks — Crabs — Triangular-framed Cranes — ^Whip Cranes — 
Wall Cranes — ^Wharf Cranes — Derricks— Goliaths — Sheer Legs 
—Lifts. 

Pulley Blocks. 

These are used to a considerable extent in situations where 
a crane is not available. They are essential in heavy crabs 
and cranes, in the forms of snatch blocks. The power of a 
crab can be largely increased by the use of pulley blocks in 
conjunction therewith. In this way a very light crab can be 
made to lift 3 or 4 tons. 

Crabs. 

The value of these consists in their portability, and the 
wide range of power in which they are obtainable, which 
renders them of especial value for general outdoor service 
for builders, contractors, engineers, and miscellaneous use. 
A rope or chain can be led off from a crab, and brought 
over a monkey wheel direct to the hook, or through a return 
block. Or sets of pulley blocks can be used in cases where 
very great power is required. The rate of lift is very slow 
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in hand crabs, but this is of less importance for occasional 
and temporary service than for constant duty. 

Hand crabs are generally single, and double geared ; only 
in exceptional cases are they treble-geared. The brake is 
fitted on the barrel shaft, sometimes on a rim cast on the 
barrel wheel, sometimes on an extension of the shaft outside 
the frames. 

Variations in construction are, cheeks of cast iron, or steel 
plated, shaft holes bored in iron, or brass bushed. Bearings 
are seldom divided in the small crabs, but bosses of cast 
iron are bored in the solid. When cheeks are steel plated, 
the bosses are bolted to the plates, and should be also 
checked into holes bored in the plates, to ensure steadiness. 
A ratchet prevents the running down of the load, and a 
pawl keeps the pinion shaft in, or out of gear with the barrel 
wheel. 

Triangular-framed Cranes. 

These are the commonest, and the oldest types of cranes, 
Fig. 188. Made originally of timber, and still so constructed 
in numerous cases, the general pattern has been perpetuated 
in wrought iron and steel. They are used in foundries, and 
in other shops, and out of doors in stone yards, and quarries. 
They are frequently termed foundry cranes, from their 
common application to that particular service, — their handi- 
ness consisting in their command of a large and variable 
radius. The post a slews through a half circle, or through 
a complete circle, depending on its location, and the racking 
carriage b which runs along the top horizontal member 
gives a variable radius. Such cranes are made from a ton 
up to 10 or 15 tons power, are very durable and strong, but 
are of necessity very slow in their movements, for which 
reason they have been largely superseded in modern shops. 

The post pivots at top and bottom. The hoisting gears 
c are single, or double, and in the highest powers treble ; 
ratchet, and brake are fitted. The shafts are carried in cast- 
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iron cheeks bolted to the timber uprights at a suitable 
height from the ground for operating the handles. The 
carriage is racked along by a spider wheel d, and dependent 
chain or rope e. Red deal, pitch pine, or oak are the 
timbers used, the latter being the best, when of good quality, 
and well seasoned. 

An increasing number of jibs are made of steel, and fewer 
of timber. The cost of steel is not greatly in excess of that 
of a timber jib, while it is more durable. Steel too is dis- 
placing iron rapidly, or it would be more correct to say, has 
displaced iron in this, as in other work. Great variety 
exists in the designs of jibs made of these materials. For 
the most part they are of the lattice type, but small ones are 
often made with solid-plated webs. Channels or H irons 
are generally used for the sides of the jibs for small cranes 
of this class, but large jibs are generally built up of plate and 
angle. In most cases jibs are made straight lengthwise, but 
many cases arise in which a bent jib is desirable, and 
then the scantlings have to be increased at the bent 
area, to compensate for the weakening due to curving, with 
increase of work involved. Some of the jibs are trouble- 
some to make, being of a boxed or rectangular cross section, 
with diagonal bracings on each side. 

Whip Cranes. 

These are light cranes for warehouse use, which derive 
their name from the practice of pulling at the rope that 
passes round the large pulley at the jib head, when light 
loads below 4 or 5 cwts. have to be lifted. When heavier 
loads are to be lifted, the winch handle is put on the barrel 
shaft for medium loads, and on the pinion shaft for the 
heaviest, which do not range beyond 2 or 3 tons in 
this type of crane. A rope is used on the big rope wheel 
that is on the same shaft as the barrel at the top of the post, 
which carries the chain. The lift is single only, and a ball 
is used for overhauling the weight of the chain. 

N 



194 HOISTING MACHINERY. 

Whip cranes are of two kinds. In one the post is pivoted 
at top and bottom, as in foundry and forge cranes. In the 
other it is independent, being stepped into a broad base 
which is bolted to the floor. A hollow casing encircles, and 
slews round the post, and carries the jib, and tie rods round 
a complete circle. A hand brake is fitted to the rope 
barrel. 

The main parts of the pivoted type of crane are steel 
plated, those of the independent type are of cast iron. The 
base is a casting, the post, stepped into it, is of steel, or 
wrought iron. The outer hollow casing which slews round 
the post is cast, and carries the bearings for the bottom 
drum, and the pinion shaft, and for the top or chain drum. 
The jib is of steel plate. 

Wall Cranes. 

These are triangular-framed jib cranes of the simplest 
kind, in which the post is pivoted in steps bolted to the 
wall of a warehouse, commanding a semicircular floor area. 
There are two types. 

The simplest kind is built of wrought iron or steel bar, of 
about 2 in. diameter, alike in post, tie, and jib. The tie 
bar is nearly horizontal, the jib is curved, and stiffness is 
afforded to post and jib by tying all three members together 
with bars suitably bent to occupy the included space, and 
riveted to the members, and to each other. The chain is 
single, and is operated from a crab on a floor within the 
building against the wall of which the crane is pivoted. 
Such cranes are not suitable for loads exceeding a ton or 
30 cwt. 

In the second, the jib is horizontal, usually formed of two 
channel sections, and the ties come down at an angle. A 
racking carriage runs along the top of the jib, and is 
actuated by a dependent rope or chain from a spider wheel 
at the end next the post. The load is lifted by gearing 
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carried in a wall bracket ; which is single, and double ; and 
fitted with brake, and ratchet. Such cranes are adapted for 
loads up to about 3 tons, and are used in engineers' shops, 
for handling castings, foundry boxes, forged work," &c. 

Wharf Cranes. 

There is a class of fixed jib cranes which have no other 
name than that which designates the nature of their service, 
fixed wharf cranes, or sometimes fixed hand cranes. But 
by the term wharf crane, a broad type only is understood, 
which requires precise qualification for individual examples, 
since the design is modified in various ways. 

The simplest and cheapest wharf cranes operated by 
hand comprise a long post of cast or wrought iron, let into 
a footstep, several feet below the ground line. The jib is 
stepped into a casting which encircles the post a few inches 
above the ground line, and that carries the rollers, and which 
is connected with rods to a casting that caps the post, in 
which casting the tie rods which come from the head of the 
jib are anchored. The hoisting gears are carried in cheeks 
bolted to the lower portion of the jib, and the slewing gear 
is at the rear of the encircling footstep casting. 

Such cranes are made in large numbers for quarry work, 
railway goods sidings, and on wharves. They range in 
power from i to 10 tons. The jibs are either of timber, or 
of channel sections, and are generally, though not always in 
the smaller sizes, in two parts, maintained apart by distance 
pieces. The loads are carried by single chains, or by snatch 
blocks, and gears are single or double. Brakes, and ratchets 
are fitted. 

A more advanced type of wharf crane has the same deep 
post, step, and plate, but cast-iron side frames bolted to a 
roller frame at the bottom, and to a distance piece which 
forms the top cap, fitting on the post, sustaining the weight 
of the superstructure. The jib is stepped into the bottom 
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roller frame casting, and the tie rods are attached either to 
the top cap, or to the side frames. The superstructure is 
slewed round by hand, or by means of a curb ring; in 
which case the pillar for the slewing gear is attached to the 
rear of the bottom, or roller frame. Single, and double 
gear is fitted up to 10 tons or 15 tons, but hand cranes of 
this type are made up to 30 tons with treble gear. In the 
larger cranes, cast-iron frames are often dispensed with in 
favour of wrought iron, or steel. And in the very small 
ones, simple channel sections sometimes supersede cast 
iron. 

Derricks. 

These cranes are certainly a century old in their cruder 
forms, but the best types are comparatively modern. They 
are used in all classes of outdoor work, on account of their 
wide range of operations, slewing round three parts of a 
circle, and id a large range of radius. 

A hand derrick comprises mast, jib, and ties, which are 
rendered stable by sleepers secured to the ground, from the 
rear ends of which rigid raking tie rods proceed to the top 
of the post, carrying the bearing for the top pivot. The 
gears are fixed near the bottom of the mast, and are single 
or double, for hoisting. Another set of gears carried in the 
same cheeks actuates the derricking or radial movement of 
the jib. Both lifting and derricking chains pass over pulleys 
at the top of the mast, whence the lifting chain passes to 
the pulley at the top of the jib, and the derricking chain to 
a pulley at the rear of the rods. The two movements can 
be actuated separately, or in unison by suitable gears. So 
that while a load is being lifted or lowered, the radius can 
be increasing or lessening. 

A peculiarity of the derrick is the fusee barrel, by which 
a load is maintained at a constant level while the radius of 
the jib is changing. As the radius lessens, and the jib 
rises, the chain winds towards the larger end of the barrel ; 
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as the jib lowers, it winds towards the smaller part of the 
fusee barrel. 

The stability of a derrick crane depends on the length of 
the sleepers, on the way in which they are secured at 
the rear, and on the strength and security of the back ties. 
The security of the jib depends on its own strength to 
resist thrust, and on the strength of its ties and chains, and 
their attachments, which is assisted slightly by the lifting 
chain. 

Derricks are commonly timber framed throughout. Steel 
sections are frequently substituted for the larger cranes, and 
for foreign orders, but the same outlines are maintained as 
in timber, and the same details also of mechanism. 

GOLIATHS. 

A description of Goliaths will be found at p. 236, in the 
account of Travelling Cranes, and at p. 112. As the only 
difference in these and in the Fixed Goliaths consists in the 
presence or absence of the travelling gears, reference may be 
made to that account for the main construction. In the fixed 
type the uprights are fastened down on sleepers. They have 
but a limited use, in small yards, or to cover small areas of 
yards where there is variation in the localities where lifting 
has to be done. 

Sheer Legs. 

These are made in various forms. The commonest are 
temporary, and comprise three timbers united at the top by 
a bolt, and resting securely on the ground with spikes. A 
gin block, or a set of pulley blocks are suspended from the 
apex. In a more advanced type the timbers are stepped 
into cast-iron shoes, sunk, and fixed permanently into the 
ground, and united at the top with a cast-iron cap, from 
which pulley blocks depend, and which are actuated by a 
common double purchase crab fixed to the ground. 

In a variation from this, the legs are not arranged equi- 
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distantly, but two are brought sufficiently near to receive a 
pair of cheeks by which the lifting gears are carried, without 
the employment of an intervening crab. The legs do not 
then meet in an apex, but a beam connects the pair adjacent 
with the single one, and the top pair of pulleys have their 
pin in this beam. Also, steel sections are substituted for 
timber in many sheer legs. 

Sheer legs of these types range in power from i ton to 
about IS tons. They are used for many purposes. One of 
the commonest is in locomotive and wagon sheds, for lifting 
the bodies, to permit of the examination of wheels, axles, 
and boxes, and the changing of wheels and axles. Others 
are used in dockyards, hand operated. 

Lifts. 

The small hand-power lifts used in warehouses, public 
buildings, hotels, banks, restaurants, and such like, are 
of a very simple type. They have single purchase, the 
construction being as follows. An endless rope passes 
round a grooved wheel of large diameter for the gain of 
power. The shaft on the end of which this wheel is keyed 
carries a pinion which gears into a wheel of considerably 
larger size, upon a second shaft that carries the chain wheel 
over which the chain passes, which carries at one end the 
cage, and at the other the weight by which it is balanced. 
A brake wheel is keyed upon the shaft of the chain wheel, 
and is operated by a cord and lever, the latter being pivoted 
on the first motion shaft. This constitutes the essential 
gear. The whole of the gear is carried in suitable brackets 
or cheeks attached to the wall, or to timbers in the upper 
portion of the building. The cage is guided by rollers 
between vertical rods or timbers, and the balance weight 
slides between timber guides bolted to the wall. The 
weight is usually made to slightly counterbalance the lift, 
so that the cage when empty will on the release of the 
brake slowly ascend. 
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Nothing very heavy can be attempted with hand-operated 
lifts, nor can their movements be rapid. An alternative 
design for lifting in warehouses and breweries is the base- 
ment lift, in which loads up to 10 or 15 cwts. can be hoisted 
from cellars by the aid of a light crab. The load platform 
is carried by rollers on vertical guides, and a monkey wheel 
changes the direction of the hoisting chain from the crab to 
the platform. 



CHAPTER XVIII. 
PORTABLE CRANES. 

Balance Cranes — Derricks. 

Balance Cranes. 

The earlier cranes were all fixed, but these are now in a 
minority compared with those that are portable. The 
earliest examples of the latter type simply comprised cranes 
of fixed type, mounted on a four-wheeled truck. These are 
retained yet in many country districts and provincial works. 
They are common on the wharves of quarrymasters, and 
at some railway sidings. Being portable, they must be 
balanced cranes, since a counterbalance is the only device 
by which the mass of the jib and load can be rendered 
stable. 

Balance cranes. Fig. 189, though common, are so diver- 
sified in design, that we meet with much variation in the 
methods of counterbalancing them. Usually the balance is 
fixed at one radius. A good many hand cranes have been 
made with balance fitted with rollers a, by which the balance 
boxes and their contained weights can be traversed along 
the tail of the crane to various radii, to correspond approxi- 
mately with a given load. These are common to a host 
of cranes, especially railway breakdown cranes. But the 
putting of automatically adjustable balance weights on 
cranes has never met with much success, the later appli- 
cation of that principle to the Brown cranes excepted. 

In almost all cases cranes are counterbalanced with a 
number of loose weights which can be loaded in by hand. 
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A crude device is to make a box, fit it on the tail of the 
crane, and load it with stone. But cast weights are 
generally supplied, uniform in size and shape, and loaded 




either into a box in hand cranes, or under the footplate 
in steam and electric cranes. Sometimes so much balance 
is required that wing plates have to be fitted, standing out 
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to right and left, wider than the crane itself, and loaded 
with weights. 

Balance boxes are made in various ways ; in cast iron 
in one piece, or with separate cast-iron plates bolted 
together, or plated in iron and steel. The first two are 
suitable for common cranes, the latter for breakdown cranes 
used on permanent way. 

An objection to putting an excessive amount of balance 
on a crane, which is sometimes done to mask a bad 
design, is the great risk of its causing oversetting. When 
the crane is not working it is sufficiently stable. But if a 
load is lowered, and dropped, and disengaged suddenly, as 
in tipping, the reaction is very likely to cause the crane to 
tip over backwards, an accident which occurs occasionally. 
The danger is greatest when the crane is lifting across the 
track, or diagonally. 

Derricks. 

Portable hand derricks are employed to a moderate extent 
only. They are very ungainly articles to travel, because 
the spread of the guys renders three tracks necessary, one 
under the post, and one for each wheel under the guys. 
They are only to be recommended for temporary service. 
If portability is essential, it is generally better to adopt 
some other type than the derrick crane. 



CHAPTER XIX. 
TRAVELLING CRANES. 

Overhead Travellers — Goliaths. 

These are broadly divisible into two types, — travellers that 
run on overhead gantries, Goliaths, and gantry cranes that 
run on the ground. 

Overhead Travellers. 

These have been a favourite type of crane for workshop 
s^vice for more than half a century past. But for the in- 
roads made by electricity, the hand traveller would still 
divide favour with the cotton rope type to a far greater 
extent than it does. Although hand travellers are open to 
the objection of being very slow, yet they have the advantage 
of costing nothing when not in actual service, and an engine 
need not be kept running to supply them with power. For 
this reason they are even yet better adapted to the require- 
ments of hundreds of shops and yards than the more costly, 
and more easily damaged electric travellers. Rope travellers 
did not become common all at once, the square shaft types 
having been much used previously. The reason is that the 
cotton rope demanded a special experience, and a better 
class of workmanship than most crane shops could furnish. 

The hand travellers are either built of timber or of steel. 
The question of trussing, and its extent, depends on its span, 
and on the design of the girders. When timber is used, 
trussing is essential for the shortest spans, but it is not 
necessary when steel is employed, because the longest 
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girders can then be made self-sustaining. When rolled joists 
are used, trussing becomes necessary at moderate spans, 
When timber beams are employed, the end cradles are 
generally of cast iron. 

A special type of crab is required for travellers, one to 
run along rails, and usually, though not necessarily, having 
provision for travelling the machine along the gantry. The 
crab and the jenny are two different mechanisms, since the 
first named is self-contained, while the second is simply a 
carrier for the hook and snatch block, being operated by 
mechanism situated elsewhere. 

There is, as regards essential mechanism, such as frame- 
work and gearing, no difference between the simple hand 
travellers worked by men on the platform, or by men stand- 
ing on the ground below. It is simply a question of winch 
handles, or vee'd sheave wheels. 

The question of operating travellers from below, or above, 
is generally decided partly by the load to be lifted, and 
partly by the nature of the service, whether intermittent, or 
constant. Light travellers working intermittently should be 
worked by a dependent rope or chain, heavy ones, by men 
on the crab above. 

When travellers are actuated wholly from the crab, a square 
shaft, or a round one, key grooved to carry the sliding bevel 
wheel, is necessary. But for occasional service, a simpler 
design can be used in which the crab is traversed by gearing 
upon it, and the traveller operated by winch handles at the 
sides. 

Hand travellers are made in powers ranging from J ton 
to 40 tons. The latter are, however, unusual, more so now 
than formerly. They are constructed readily enough, but 
the time losses in working are enormous. 

GOLIATHS. 

This term strictly designates a travelling crane, which 
differs from the overhead travellers only in the fact that it 
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runs on rails on the ground, instead of on tracks high above 
the ground. Substantially, therefore, the beams and crab 
arrangements are alike in each. The great difference lies 
in the alterations due to the substitution of A frames, or 
standards, for the end cradles of the travellers. 

Goliaths can be travelled from the crab with a square 
shaft, as can travellers, but the movement has to be com- 
municated through pitch chain and sprocket wheels, or 
shafts and bevel gears, from the top to the bottom of one 
or both of the framings. 

In the simplest hand types, — the old Wellington cranes, — 
many of which are, however, very large and powerful, the 
operations are wholly from below. The travelling gearing 
is on the bottom booms, and the hoisting gear is on the 
vertical frames, the chains passing up to the ends of the 
gantry beams, and over pulleys to the jenny. A set of gear 
on one framing actuates the hoisting chain, and another set 
of gear on the other framing actuates the chain for racking 
the jenny along. Goliaths of this type are made from 
2 or 3 tons, up to 40 or 50 tons capacity, and in a wide 
range of height, and span. They are useful in engineers* 
erecting yards, and in builders' and contractors' yards, for 
hauling heavy timber balks, and stones. 

Goliaths have been made in which the crabs have been 
operated from the ground with dependent ropes, passing 
over grooved pulleys, similarly to some hand travelling 
cranes. 

An evil to which Goliath cranes, even more than travellers, 
are liable, is that of cross working, which becomes more 
pronounced as spans and heights increase. Hence the 
length of wheel base must be amply proportioned. But 
even with a suitable wheel base, cross working will occur 
unless the end beams are secured very rigidly to the 
main beams, with which object covering plates and angle 
brackets are employed. 

In some recent special practice, that of the Brown 
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Hoisting Machinery Co., cranes of very long span have 
their beams rigidly fixed at one end only, being pivoted at 
the other to permit of a limited amount of cross working 
without strain or injury. 

The Goliath crane fulfils the same function out of doors 
that the traveller does within. The latter are used also on 
outdoor service, but this involves building a tall gantry, 
which occupies much ground. The Goliath on the contrary 
only requires rails, and occupies no more space than that on 
which it stands for the time being. Occasionally Goliaths 
are fixed, but the utilities of these are limited to the area 
which they cover. 
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CHAPTER XX. 
FIXED CRANES. 

Crabs, Winches, Hoists, and Winding Engines — Steam Cranes — 
Triangular-framed Cranes — Wharf Cranes — Derricks — Fairbairn 
Cranes — Sheer Legs — Pneumatic Cranes — Hydraulic Cranes — 
Composite Cranes — Floating Cranes — Coal Tips — Lifts. 

Crabs, Winches, Hoists, and Winding Engines. 

These have a close family resemblance. None of them 
are framed cranes, but all are derived from, or are obvious 
modifications of the common fixed crab. They ai£ single, 
double, and treble geared. The principal differences in 
their designs and appearance are those consequent on 
methods of operation, of which three agencies are employed ; 
— steam in the vast majority, gas (or oil), and electricity. 
Compressed air is also used to a considerable extent in 
recent years. The hoisting and winding engines have 
undergone great changes in design, in consequence of the 
multiplication of drums. In some American designs as 
many as six, or even eight drums, are fitted to a single hoist, 
while three or four are very common. 

The simplest power crabs or winches are practically iden- 
tical with those built for hand operation, but with a pair of 
engines added outside the frames. They bear strong re- 
semblances to the steam cranes, with which much of their 
mechanism is identical, and interchangeable in manufac- 
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turers* designs. The same engines, boilers, and gears are 
used, the fixed bed plate of the hoist being substituted for 
the bed of the crane. As they are used frequently for 
hauling, or warping, warping drums are very commonly 
fitted on the ends of the drum shaft. The cylinders are 
variously arranged, with their longitudinal axes either hori- 
zontally, vertically, or diagonally. In many types they are 
bolted to the boiler. In a good many cases the boiler 
is not fitted to winches, but the steam is conveyed in pipes 
to the engines. 

The various hoisting engines are built to satisfy the 
demands of a large number of customers. They are em- 
ployed in the erection of buildings and bridges, for pile 
driving, on coal wharves, in mines, on shipboard, and in 
an extensive range of powers. The advantage of having 
more than one drum is, that more than one set of operations 
can be carried on at once. Lifting and lowering can 
alternate. A single engine can operate two or three separate 
derricks, or the two motions of one derrick at once. Plain 
drums, or warping drums, are multiplied on one hoist. They 
are either keyed fast on their shafts, which is the older and 
general practice, or they are left loose, to be thrown in and 
out of action with clutches, or with friction rings. 

In one example a double cylinder engine has two drums 
running side by side on one shaft loosely, when not in 
service, — being of the friction operated type. Each is in- 
dependent of the other, having its own friction, and its own 
foot brake. Each drum is actuated at its own side by a 
separate attendant operating his own throttle. The advan- 
tage is that a single boiler is used on the one bed plate, and 
the power of the engines can be applied to one drum, or 
divided between the two. 

The hoisting engine when used in the erection of tall 
buildings is placed on the ground floor, and wire rope, 
passing over guides, actuates two cages, which ascend and 
descend in unison, balancing each other. Light vertical 
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guides carrying head pulleys form ways on which the plat- 
forms slide. 

Warping drums have advantages over common drums for 
long lifts, because only one bight of rope is ever wound 
round the first, while large quantities often have to be coiled 
on the second kind in many varieties of work. Drums and 
warping cones are often combined in one hoist. 

Electric hoists (see Plate overleaf) are more compact than 
steam hoists, and they are much better suited to underground 
work, their rival being compressed air. But even for outdoor 
work in places where electricity is available, the hoist is 
better served by this agency than by steam. There is not 
much to be said about the methods of driving electric hoists ; 
either worm gears, or direct spur gearing is used. The 
controllers are mounted on the same base plate as the 
motors and gearing. 

Steam Cranes. 

Notwithstanding the inroads made on the province of 
the steam crane by other agencies, steam retains yet a 
paramount place, and is likely to do so for a considerable 
time to come, as steam is the only possible agency in 
numerous out -of- the way places. Fixed steam cranes 
include the following kinds. Triangular-framed cranes, of 
single, or double purchase; used in foundry, smithy, or 
boiler shop. Cranes used on wharves, or ships' decks, 
which are driven by engines attached to the framing, or by 
steam from a boiler situated away from the crane, coming into 
a pipe carried down the central post or pillar. Derrick cranes, 
a highly useful class. Fairbairn cranes, which are wharf cranes 
with a bent jib of the box pattern. Movable sheer legs, used 
for masting, and used for putting machinery into vessels. 

Triangular- FRAMED Cranes. 

These are termed foundry cranes, and smiths' cranes, not 
from any important differences in the two, but from the 
nature of their duties. They both have a horizontal 

o 
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member along which a racking carriage travels. They are 
pivoted at top and bottom, and either slew through a 
portion, or the whole of a circle. They seldom have 
boilers on the foot plate, but steam pipes are brought to 
the posts to operate engines on the foot plate, or the engines 
are dispensed with, and a line of shafting is brought along 
the shop, and power is transmitted to each crane through 
bevel wheels. Of the three methods the steam pipe is best, 
but it introduces a considerable amount of joints, which 
are not easily kept steam tight. It is probable that each of 
these types of cranes will be displaced in a few years by 
those of similar form, but operated by electricity, as is done 
already in a good many cases. 

Wharf Cranes. 

This general term includes a large number of variations 
in design, ranging from a ton to 20 or 30 tons. In many 
cases the entire superstructure of a crane is used without 
alteration, for either portable, or fixed cranes, the base only 
being different. Steam is an excellent motive power for 
wharf cranes. These cranes are either independent, — con- 
taining their own boilers, and being balance cranes ; or they 
carry engines only, which are supplied with steam through a 
pipe. Any fixed cranes used for wharf service are wharf 
cranes. They are characterised by the deep foundation in 
which they are supported, having base plates, foundation 
plates, and deep posts going down several feet below the 
ground line. Deck cranes are a variety of wharf cranes, 
used on shipboard. These also have a base plate on the 
upper deck, and step on the deck below, in which the post 
is supported. Steam is brought up to the engines through 
a pipe in the central post. These cranes- slew through a 
complete circle by gear driven by the engines. 

Derricks. 

Steam derricks do not differ from hand derricks, except 
in the addition of engines, and the necessary conriections. 
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These are fitted to the- base plate, or on the back of the 
mast. Engines are fitted to derricks framed both in wood, 
and in steel. A steam derrick carries its own boiler. In 
this class of crane the electric motor (see Plate overleaf) is 
rapidly displacing the steam engine. 

Fairbairn Cranes. 

This is not a triangular framed crane, but the curved jib 
and post are in one. There is neither strut, — nor tie rods, 
but the jib, — above the ground line, — is a bent cantilever. 
The advantage offered by this crane is the clearance under 
the jib, but as this is obtained in other cranes also, there is 
very little demand now for Fairbairns. At one time they 
enjoyed considerable favour, being used as wharf cranes for 
loading and unloading vessels, and for getting parts of 
engines into them. They are very expensive, require a 
large amount of plating, and castings, and costly founda- 
tions of concrete and metal. Steam is the motive power 
used, the crane carrying its own boiler, and is therefore 
independent. 

Sheer Legs. 

These are also termed masting sheers, because the fitting 
of masts is one of their principal functions. They are used 
in the great shipyards, and on shipping wharves, mainly 
for this work, and for lifting boilers and engines into and ' 
out of vessels. Heavy sheer legs are actuated by steam 
engines located at the rear of the back leg of the tripod, 
and properly covered in a shed. Provision is made for 
altering the radius, or reach of the hook over the water. 
The hinder leg is made capable of radial adjustment, by 
means of a slide into which the lower end is stepped, and 
which is traversed to and fro by a screw actuated by the 
engines. The front legs are hinged to permit of their ad- 
justment. In heavy sheers, two sets of lifting tackle are 
generally fitted, one for heavy loads, the other for light. 
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The masts of sheer legs are generally built up in a tubular 
form, of steel plates. Only small sheers have timber legs. 

The great i6o ton sheer legs at Sydney, erected about 
eight years ago, lifted 200 tons as a test load, and the legs 
are 137 ft. long, by 4 ft. 6 in. in diameter at the centre, 
built of steel plate. 

Pneumatic Cranes. 

These are chiefly used in engi- 
neers' shops, in the*foundry, »nd 
* machine shops chiefly. They have 
grown into considerable importance 
within about ten years past. Used 
first as suspended hoists simply, the 
same principle is applied to the 
operation of jib cranes. The air 
hoist is then suspended from a hori- 
zontal jib along which it runs, a 
flexible air tube following its move- 
ments. In some cases the air cylinder 
is set on a diagonal jib. In both 
instances the pull is direct, and the 
load is lifted through a distance 
equal to the stroke of the piston. 
In other cases the hoists are r.un 
along trolley tracks, coming then 
under the head of travelling hoists. 
A Ridgway oil-governed hoist is 
Fig. 190. shown in Fig. 190. Here a hollow 

rod passes through the hollow piston 
rod A, with a clearance space between the two. The rod is 
fastened in a reservoir on the top of the hoist cylinder, and 
the piston packing makes a close sliding fit over the hollow 
rod, A valve operated by a dependent chain coming from 
the pulley B, regulates the flow of oil between the reservoir 
and the hollow piston rod. The rod is tilled with oil when 



Electric DerriclE Crftne, Single Motor. 

(Thomas Smith & SoNi Rodlev.) 
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the piston is in its lowennost position, the oil rising above 
the valve. Admitting air into the cyhnder, and opening the 
valve, permits the oil to escape into the reservoir, following 
which the piston rises. As the piston descends by the load, 



the oil returns into the rod. The rate of movement is 
regulated by the amount of opening given to the valve, 
which is under the control of the operator. 

Fig. 191 illustrates a pneumatic crane by the Pedrick & 
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Ayer Co. Here the cylinder is fixed vertically between the 
members of the post. Hoisting is effected by the chain 
anchored at A passing round the pulley », with a single 
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bight, thence over guide pulleys to the racking carnage and 
snatch block. The carriage is racked by hand by the 
chain c 
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Fig. 192 is a Pedrick & Ayer crane in which the lift is 
direct acting, the cylinder being suspended on trunnions, 
and drawn along the jib by gears, and a dependent chain. 
The crane is pivoted in brackets bolted to the wall of a 
shop. 

Hydraulic Cranes. 

Fixed hydraulic cranes are used for indoor and outdoor 
service. They are jib cranes, the jibs being horizontal in 
some cases, to take a racking carriage, diagonal in others. 
Separate cylinders actuate the lifting, and slewing move- 
ments. The dispositions of the cylinders are settled by con- 
venience, and by swing arrangements, since the direction of 
movements of the chains can be readily altered by guide 
pulleys. The outlines of hydraulic crane frames frequently 
resemble those of the steam crane types, with posts, jibs, 
and struts. They are named similarly, as wall cranes, wharf 
cranes, ingot cranes, &c. A particular application in which 
hydraulic power has found great favour is in the riveting 
cranes which travel on rails with walking water pipes. 
These are made in several forms. Hydraulic cranes are 
made to rotate by power in cases where it is not desirable 
to have men pulling them round ; a water cylinder placed 
horizontally below ground level has a rack attached to a 
continuation of its piston, engaging with a wheel keyed on 
the bottom pivot or pintle of the crane. In other types 
chains pass round pulleys from the piston head, and pull 
round a chain wheel at the bottom of the crane. In some 
types the lifting cylinders are fixed and the ram moves, the 
hoisting chain returning over pulleys from below upwards. 
Cranes of this type are also made with racking jennys. 

Fig. 193 illustrates one type of hydraulic crane in which 
the lift is direct, by the communication of the movement 
of the ram a to the jib b. The smooth motion of the 
latter is ensured by the pulleys c, connected, — running on 
the back and front of the post. The racking carriage is 
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drawn along by hand. A good many of this simple type 
have been made. 

Composite Cranes. 

Besides the class of crane in which the elasticity of air is 

held in check by governing its action with oil pressure, 

there' are others of the usual hydraulic type with the cylinder 




between, or adjacent to the mast, operating the jib directly, 
which are also governed by steam pressure acting on the 
water in the reservoir cylinder. The advantages over the 
common hydraulic type are to be found in the differences 
due to high and low pressures, saving trouble in valves, and 
packings, pumps, and accumulators. 
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Fig. 194 shows a balanced steam hydraulic crane of the 
Craig Ridgway type. In this, a is the lifting or water 
cylinder, and b the governing cylinder, which is partly filled 
with water. Steam is admitted above, and is prevented 
from mixing with the water below by an intervening cushion 
of air, and by a baffle plate. The supply of steam is con- 
trolled by a slide valve, the handle of which is seen at tf, 
and its pressure is transmitted through the air to the water 
below. The water, under pressure, is conveyed through 
piping to the piston rod of the lifting cylinder. The rod 
is hollow, and the pressure causes the lifting cylinder to 
descend over its piston. By means of chains passing over 
guide pulleys, this vertical movement is transmitted to the 
jib. This design is variously modified. The jib is lowered 
by exhausting the steam, on which the water returns from 
the hoisting cylinder to the reservoir. 

Floating Cranes. 

These are used for a large number of duties, the principal 
of which are loading and unloading vessels, executing 
repairs to machinery on board (thus saving the trouble of 
bringing the vessel into dock under shore cranes), and in 
various departments of harbour and dock work, such as 
grabbing, block setting, and repairs. They are not used 
quite so much as formerly, partly because of the general 
deepening of docks that has been going on, and partly 
because hopper dredgers and Titan cranes have usurped 
some of their other kinds of functions. But one at least 
is essential in large harbours and docks. 

The floating cranes are balance cranes pivoted on a 
pontoon or barge. They may or may not have derricking 
movements to the jib. In consequence of the instability of 
the pontoon, provision is included for effecting alterations 
in the balance box to suit varying loads. Frequently too 
the hull is made in water-tight compartments, either with 
the object of altering balance, or to permit of changing 
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the amount of immersion of the hull to increase stability. 
Floating cranes are actuated by steam, carrying their own 
boiler aqd engines, and slewing by power. 

Coal Tips. 
These are a type of hydraulic lift used for elevating 
railway coal wagons from a cradle beneath, and tipping 
their contents into vessels. A 10 or 20 ton wagon can 
thus be lifted, tipped, and lowered in a very short space of 
time, effecting enormous economies in loading. These are the 
rivals of the long-armed cranes that deal with lighter loads. 

Lifts. 

Two principal agencies are employed for power lifts — 
water, and electricity. 

Hydraulic lifts are of two kinds — the direct acting, and 
the suspended. In the first named the cage is carried on 
the upper end of the ram, in the second it is raised by ropes 
running over pulleys. The first requires a deep well for 
the cylinder, the second does not. The direct system is 
generally employed for heavy passenger and goods lifts, the 
second for ordinary duty. High, and low pressures are used 
for each. In the suspended system it is necessary to pro- 
vide safety catches in case of sudden fracture of the ropes. 

Lifts are frequently driven by belt in shops and ware- 
houses where engine power is available. The design is 
practically that of a hand lift, with worm gears, but the belt 
takes the place of the hand rope. 

Electric lifts are rapidly displacing these forms. In a simple 
type, an electric motor takes the place of the belt drive. 
The motor can be driven from the public service. In more 
modern types the motor and its gearing are mounted on a 
base plate, which can be fixed anywhere, above, or below. 
The drive is direct, from a rope wound round a drum. The 
mechanism is operated by a hand rope, or by a hand wheel, 
or simply by a switch. The electric lifts work at much 
higher speeds than the older types of belt-driven ones. 



CHAPTER XXI. 
PORTABLE CRANES. 

Hoists and Winches — Balance Cranes — Excavators. 

Hoists and Winches. 

The fixed hoists far exceed in number the portable ones. 
The only essential difference in the two is, that either three, 
or four road wheels and axles are added to the fixed type, 
to make it portable. But usually only one class of hoist is 
made portable, that namely for builders and contractors' 
use, having boiler, engine, and single, or double hoisting 
drums and gears. In one example the portable type of 
engine and boiler is rigged up as a hoist, the drums hanging 
over to right and left of the boiler. In all cases the travel- 
ling of the hoist is effected by horse haulage. 

Balance Cranes. 

Portable balance cranes include those in which the hoist- 
ing engines also drive the truck. In the heaviest cranes a 
separate pair of engines are employed for the latter purpose. 
These are generally termed locomotive cranes. Special 
IX)rtable cranes are also built for service on permanent way, 
— the breakdown, or accident cranes used for removing the 
wreckage after railway accidents. 

The portable balance cranes differ from the fixed cranes 
of the same class only in the extra fitting of the truck, and 
the extra gears, or engines used for travelling. That is, the 
superstructure is similar in both, and may be identical if the 
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travelling is effected by a different set of engines on the 
truck. But if one pair of engines does all the work, as in 
most cranes except the larger sizes, then a special set of 
travelling gear has to be introduced ; starting from the engine 
shaft, thence operating gears above the central post, a shaft 
passing down through the post, bevel wheels at the bottom, 
and thence bevel wheels on one of the travelling axles. The 
methods of balancing are alike in fixed and portable cranes. 

The horizontal type of portable steam crane not only has 
a very different appearance from the vertical, but the entire 
arrangements of framework and gearing are different. The 
exception is the truck and jib, neither of which differ in any 
essential respects from those used on vertical cranes. 

The framework which carries the engines and gearing is 
not formed of cheeks bolted together with cross girders, but 
is usually made in one casting, excepting in the largest 
cranes, and is termed the revolving bed, because it turns 
round the centre pivot or dwarf post, being thus dis- 
tinguished from the truck, or base, which does not revolve. 
The upper, or revolving bed is a hollow casting, with bear- 
ings for the engine shaft and gearing, axles, and facings for 
the attachment of the engines. Wrought-iron girders are 
bolted to the sides of the bed, extending beyond the hinder 
end to carry the footplate and boiler. A heavy cast-iron 
tank is bolted between the girders to hold the feed water, 
and to serve as a balance weight. The engines comprise a 
pair of high-pressure cylinders, sometimes cast separately, 
sometimes together. The cylinder guides, and steam chests 
are made in one, and cast with a foot for bolting down to 
the bed. Link reversing motion is applied to each. The 
load is lifted through spur gear, the pinion being on the 
engine shaft, and it is slid out of engagement when lowering 
on the brake. The gear for these functions is similar to 
that employed on the vertical cranes. The slewing is per- 
formed through bevel wheels, fitted with reversible friction 
cones, in order to slew in either direction without stopping. 
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or reversing the engines, the movements being transmitted 
through intermediate gears to the curb ring on the truck. 
By reversing the direction of rotation of the bevels, the 
direction of rotation of the revolving bed is reversed. The 
truck is travelled by means of a separate set of gearing which 
actuates a bevel wheel on one of the axles. Jibs are made 
to derrick. The revolving bed runs on four rollers, two at 
front, and two behind. It is kept from lifting by means of 
a dwarf parallel centre post, or pin, which passes through 
the centre of the truck below, and through a bored hole in 
the centre of the revolving bed, in which it fits with a solid 
forged head on a shoulder with friction washers — a massive 
nut securing it at the lower end tightened up in opposition 
to the bolt head just sufficiently to keep the revolving 
structure well down on the roller path. The water tank 
and boiler are sufficient balance in cranes with short jibs. 
In those with long jibs a special balance plate is cast, and 
bolted underneath the tank, and loose weights are laid 
upon this. 

Many portable steam cranes are made of from 2 to 3 tons 
capacity, for regularly lifting loads of from 30 cwts. to 2 tons. 
Some of these, used for coaling, have jibs of exceptionally 
long radius, and they lift in single gear, that is with the 
crank of the engine keyed on the same shaft as the pinion 
that works into the barrel wheel. The drums are also made 
of larger diameter than those of the average class of crane. 

The electric type of portable crane is growing in favour. 
The motor or motors are mounted on the bed plate in 
place of the engines and boiler. Either plain spur gears, 
or a first worm reduction, is employed from the motor. 
The magnetic brake is an essential portion of the equip- 
ment, as in other types of electric cranes, and the con- 
trollers are mounted in a convenient position for the 
operator. A very compact arrangement is thereby secured. 
Rather more balance weight has to be used, as the large 
mass of the boiler is absent in the electric crane. With 
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regard to the method of picking up the current while travel- 
ling, this may be either done from a third rail, overhead 
wires, or from ground or earth boxes. An example of 
the latter is shown in the diagram, Fig. 195, from the 
practice of the Electrical Company Ltd., of Charing Cross 
Road, W.C. The amount of portability or travel in this 
case" is governed by the length of cable which is rolled on 
the drum g. In the illustration, c is the lifting motor, 
and D the one for slewing, a is the controller for the 
lifting, and 11 that for the slewing. E is the switchboard. 



Fig. 196. 

F the magnetic brake, h are the collecting rings, which 
are necessary in the case of a slewing crane, to take 
current at any radial position of the superstructure, j is 
the ground box. This is shown in detail in Figs. 196-198, 
in elevation, vertical, and transverse sections. It is bolted 
down in masonry, or concrete with jagged bolts. The 
current is brought in at each end of the box with cables, 
and thence conveyed upwards into the upper part of the 
box to the contact pieces. When the box is in use, a 
plug piece, at the end of the crane cable, is inserted in 
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the top of the box in place of the temporary protecting 
cover shown in Fig. 197, and it has projections similar to 
those in the box, and so the current passes to the crane 



Fig. 197. 

cable. These boxes are located about in the areas 
required for the service of the crane, and when it passes 
out of the limit of area of one, another is connected up to 



Fig. 198. 

it. (The lettering shown in these Figs, simply refers to the 
maker's standard sias.) 

Fig. 199 shows the jointing, and the contact rings of a 
trolley pole, suitable for slewing cranes. 
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Excavators. 
These are a special type of portable steam crane' used 
for digging soil. They are more often termed steam 
navvys. They are either special machines, designed for 
excavating only, or they are cranes from which the ex- 
cavating apparatus is readily detachable. Excavators are 
balance cranes, with derricking jibs, and the bucket is 
hinged, and operated by the engines. 



Derricks. - 
Portable derricks are rather unusual. They are clumsy 
and costly. Either each guy leg and the mast have to 
be carried on separate trucks, or a very large truck has to 
be made to receive them. As the guys cannot be anchored 
to the ground with sleepers, a large amount of ballast is 
necessary. The truck is propelled by the same engines 
that hoist the load. Floating derricks are sometimes built 
for special service. 



CHAPTER XXII. 
TRAVELLING CRANES. 

Overhead Travellers — Goliaths — Gantry or Portal Cranes — ^Titans — ^Air 
Hoists — Long-armed Cranes — Single-rail Cranes — Conclusion. 

Overhead Travellers. 

An unusual amount of interest has been taken in overhead 
travellers of late, due to the fact that electricity has made 
greater inroads on the method of operation of this type of 
crane than on that of any other. To a great extent it dis- 
places the hand, steam, and cotton rope types. 

But for the fact that so many travellers of these older types 
were in existence, and in good working condition at the time 
of the introduction of electric driving, it is probable there 
would never have been any rivalry between the one motor, 
and the three, or more motor type. Firms already having 
travellers as good as new did not care to throw them out, 
and so the obvious and easiest course was taken of dispens- 
ing with the hand gear, or the square shaft, or the cotton 
rope, and putting a conductor and motors in place, and 
transmitting all the motions by reversing bevel gears, or by 
belts as before. Then of course conservative firms built 
new travellers on the same design. 

It was little short of a marvel that the electric traveller 
was not strangled in its birth by the methods of firms who 
thought by merely substituting a motor for a shaft or rope, 
to obtain a short cut to electric driving, with no trouble in 
working out a new design. And the motors were high 
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speeded, and shunt wound, and kept running continuously 
at a rate anywhere between i,ooo and 1,500 revolutions per 
minute. All the heavy trains of reversing gear, or the 
belting were retained, so that the only advantage lay in the 
knocking out of a length of square shaft, or a running rope. 
This crude arrangement was the only practicable one when 
the question was that of the conversion of existing travellers. 
To dismantle all the gear of these in favour of simpler 
arrangements would have been nearly equivalent to the 
construction of a new crane. But the mischief lay in the 
building of new cranes precisely after the designs of con- 
versions. Purchasers of new cranes were entitled to some- 
thing better than this. 

The most important fact in the development of the over- 
head traveller is the rapid growth of what is termed the 
three-motor type ; though that phrase is no longer sufficiently 
comprehensive. A modern crane often has four motors, 
and in the case of very heavy types, sometimes more. There 
is a separate motor for each motion, suitably proportioned 
to the work required for each motion. All the old gear used 
for reversing, and much of that for high speeded reduction, 
is knocked out, and the phenomenal growth of the all- 
electric traveller is due to this multiplication of motors, and 
simplification of gears. 

The first trouble arose in consequence of these complicated 
arrangements, coupled with the fact that the speeds of the 
motors were much higher than those of the pulleys for ropes, 
and the square shafts which they displaced, so that much 
reduction gear became necessary, with loss of power due to 
friction. Whether belts, or bevels, or worms were used 
made little difference, the results were equally unsatisfactory, 
and the various devices, — and they were numerous, — adopted 
to prevent belts from slipping, and gears from being noisy 
and self-destructive, have been nearly superseded by the 
newer designs of the all-electric types. Series-wound motors 
were being used by some firms when others were still 
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employing the shunt-wound type. The advantage of their 
use is seen in lifting a wide range of loads anywhere from the 
maximum downwards, at suitable speeds without changes of 
gears, by the variation in the speeds of the motors, regulated 
by the controllers. 

The point in favour of a one-motor traveller was thought 
to be akin in one respect to that of a crane driven by a single 
pair of engines. The engines run in one direction, and the 
crane motions are reversed by clutches, and gears, or belts. 
On the electric crane, since the single motor took the place 
of the engine, at first it seemed natural and proper, and 
certainly it was then more convenient to crane-makers, and 
to owners of existing cranes requiring conversion, that the 
crane should be reversed similarly. From that point of 
view it seemed better to reverse the gears than the motor. 
At the period of which we speak, and with the motots then 
available, perhaps it was the better course. 

The entire absence of worm gears from some modern 
travellers is noticeable, spur wheels being substituted. This 
gear answered fairly well for driving slow-running crabs, but 
with increase in speed, the friction proved excessive, and the 
advent of the electric cranes rendered the immersion of the 
worm in iin oil bath, and the taking of end thrust with 
friction washers or ball races, essential. 

Worm gear is retained on converted travellers, and on 
new ones of that type, just as on those of ordinary design, 
for the purpose of transmitting motion of the crab. The 
difference, however, is, that the older worms were always 
single threaded, while into later practice the employment of 
double, and even treble threaded ones has been introduced. 
The result is that the first are self-sustaining in any position, 
while in the latter it is possible for the worm to be revolved 
by the wheel when a load is on. The first arrangement is 
seldom now put on new cranes, the second is supplemented 
by a brake, or brakes. When spur gears are used, smooth- 
ness of running is ensured by using cut gears. 
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In several electric travellers now there is a third lift 
entirely independent of the main changes. It is an auxiliary 
light hoist, having its own motor, for very rapid lifting of 
light loads, — an addition by which the utility of the electric 
traveller is much increased. 

There are many other differences between the slow- 
running hand, or power travellers, and the present high- 
speeded electrical ones. Notable among these is the 
difference due to increase in travelling speeds. In the 
older types lateral stresses were almost neglected, because 
there was little tendency to overset, or to twist. In the new 
it has been necessary to give special attention to lateral 
rigidity. The most striking design of this type, is that first 
adopted by the Brown Hoisting Machinery Co. Inc., in 
which the main bridge girders are stiffened laterally with 
horizontal trusses, flanking the outsides at top and bottom, 
these trusses being connected with diagonal bracing, the com- 
bination being both exceptionally stiff and light. Travellers 
should be, but are not always properly tested before being 
sent out. Testing pits are excellent devices. 

Fig. 200 shows the wiring for a traveller for continuous 
current, the example being by the Electrical Co. Ltd. It 
has three motors, a being the lifting, c the one for travelling 
the crab, and d that for travelling the bridge. The three 
controllers are seen in the cage, e being for the bridge 
motor, F for the crab, and G for hoisting, h is the switch- 
board, J the fuses, k the collecting rollers for the longitudinal 
travelling, l the conductor support, m the sliding collectors 
X for the crab, b is the magnetic brake. The courses of the 
wires can be traced by the reference letters a^, b^, &c. 

Fig. 201 (see overleaf) is the wiring for three-phase 
current in which the same reference letters denote the same 
details of the electrical connections. 
I Figs. 202 and 203 illustrate two styles of conducting wires 

for travellers, from which the current is picked up by rollers. 
Insulations differing in type are used in each. The difference 
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in the tension bolt systems will be noted in Figs. 204 
and 205. 

Figs. 206, 207 show three-phase collecting rollers made 
for cranes ; the spring arrangement is seen in Fig. 207. All 
these are by the above-mentioned Company. 





Fig. 204. 



Fig. 205. 



Fig. 208 shows a collecting pole and trolley contact by the 
British Thomson-Houston Co. Ltd., of Rugby, a is a wrought- 
iron tube which forms the trolley standard, fastened with a 
flange b to the traveller girders, c c are angle-iron brackets, 




j^o 



Fig, 206. 

D D are wrought-iron trolley wire holders, e e the insulating 
stalks, F F cable terminals of gun-metal, g g porcelain insula- 
tors, H H trolley wheels, or collectors, which are so arranged as 
to raise the copper wire when passing under it, thus using the 



weight of the wire to obtain good electrical contact. This 
is an alternative to the spring pole. 
AViring for a three-motor crane by the same Company is 



shown in the diagram in Fig. 209. Here A is the motor for 
hoisting, B that for cross travel, c that for longitudinal travel, 
a, a, a representing the armatures. D indicates the main 
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trolley wires, down the gantry ; e those across the span, for 
actuating the motions of the crab ; b indicates the trolley 




wheels for taking current ; c the collector on the crab, f, g, h, 
are the controllers for hoisting, cross travel, and longitudinal 
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travel respectively. Each has a magnetic blow-out coil at 
d, which prevents an arc occurring at the contact surfaces 
on the making and breaking of the circuit, thus reducing 
the wear of these surfaces to a minimum, j is the switch- 
board in the cab, controlling the power, and light, each 
with its own fuses. 

Fig. 210 illustrates the arrangements of controllers and 
resistance boxes of a traveller fitted by the same firm, the 
drawing showing the cage a fitted at one end of the traveller. 
The longitudinal travelling motor is seen at b ; c, d, and e 
are controllers for the hoisting, longitudinal travel, and cross 
traverse respectively. Frequently the resistances are in- 
cluded in the controller boxes, 
but here they are separated, 
as being a more convenient 
arrangement. They are placed 
between the traveller girders at 
one end, shown grouped at f, 
G, and H for hoisting, longitudi- 
nal traverse, and cross traverse 
respectively, j is the platform, 
and K the driver's seat. 

Fig. 211 shows a typical _. 

method of connecting the 

levels of two controllers with a universal joint, so that one 
handle can be used to operate either alternatively. It is also 
applied to the operation of three controllers with a single 
handle, and has the effect of simplifying the work of the 
driver. These are applied to many types of electric cranes, 
including travellers. The wharf cranes of the gantry type 
are very commonly fitted with this style of coupled con- 
troller, and in arranging the levers it is generally possible to 
make them to move in the direction which the crane has to 
go. Thus, for hoisting, the lever is moved upwards, and 
for the travelling it is moved in the direction in which the 
crane is desired to move. The possible objection that the 
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driver may move the lever in the wrong direction does not 
seem to be borne out in practice as a serious matter. The 
advantages outweigh any such possibility, and the operator 
is able to devote more attention to the load, than when he 
has three separate handles to reach for, and operate. 

Fig. 212 illustrates a magnetic brake by the Electrical 
(]!o. Ltd., in which a small air cylinder below allows the 
brake band to go on gently without shock. When the 
current is passing the keeper is held up against the magnets, 
and the brake band is held off. Should the current be cut 
off, or fail, this keeper falls away from the magnets, pulled 
down by its own weight, and that of the balance weight on 
the lever ; and driving the air from the cylinder, so puts the 
brake on gently. There are numerous details special to 
electric cranes which it is impossible to go into in the limits 
of this work. They would require a special treatise on that 
subject alone. 

Three-motor travelling cranes operated by compressed 
air are used in the States. The motor consists of a couple 
of oscillating cylinders at right angles, driving on to a crank 
in an air-tight case. The air ports are opened and closed 
by the oscillation of the cylinders, and they are controlled 
by a slide valve which starts or reverses the motor. 

GOLIATHS. 

The steam Goliath has been, and is still a valuable 
machine. It resembles and fulfils the same functions as 
the hand Goliaths, but with the difference due to the nature 
of the motive power employed. The steam Goliath, like 
the hand, has a crab, or else a jenny. In the first case the 
engines and gears are carried on the crab, in the second 
they are situated at one end of the beams. Steam Goliaths 
are therefore operated from above. 

Apart from this, the general design of the framing is that 
of the hand Goliaths. The crab is similar to an ordinary 
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steam crab, The same patterns are in fact used inter- 
changeably on the crabs for travellers and Goliaths. 

The common type,, with rigid end fixings, is unsuitable 
to many classes of work, for which spans of over 80 to 
100 ft. are desirable. The pivoting of the bridge girders to 
the piers of the Brown cranes enables them to make gantries 
of longer span than heretofore, spans ranging up to more 
than 200 ft. These cranes, with powers of from 5 to 10 
tons, will hoist with full load at rates from 100 to 300 ft. 
per minute, will trolley at from 500 to 1,200 ft., and travel 
at from 300 to 900 ft. These cranes are used in steel 
works, and for shipbuilding, sometimes with a cantilever 
extension at one end. Electric driving has been applied to 
Goliaths to a considerable extent. The arrangement does 
not differ greatly from that of overhead travelling cranes. 
Two motors on the crab for hoisting and travelling the 
latter, and one on the bridge for travelling are fitted. The 
current is taken from a suspended wire some distance up 
the sides of the Goliath, the rolling contacts and other 
details being similar to those of travellers. 

Gantry or Portal Cranes. 

The old Wellington cranes or Goliaths were, and fre- 
quently are, termed gantry cranes. But the term should be 
properly restricted to that type which the Germans call 
Portal cranes. These have received their chief development 
in Germany, simultaneously with the growth of electricity, 
by which they are almost exclusively operated. But they 
were first designed as steam cranes. Essentially they com- 
prised a steam-balance crane pivoted on a bed, mounted on 
a tall arched travelling frame, the latter simply taking the 
place of the low truck of the ordinary steam-balance crane. 
The object of the tall frame is of course to clear lines of 
trucks below, by reason of which the portal crane is a 
great favourite on wharves, and dock walls; on many of 
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which a row of such cranes are installed. Any other type of 
frame could not be used, and still leave room for a line 
on which railway trucks may run. But having the arched 
form, this traffic may be carried on regardless of the 
cranes, or the latter may load and unload the trucks from 
vessels. The cranes are travelled from above through bevel 
wheels, and shafts, or sometimes by pitch chains, similarly 
to Goliaths. 

Titans. 

Titan cranes are a very special type designed for handling 
and setting the blocks of concrete used in harbour construc- 
tion. They range in power from about 20 to 100 tons, the 
greater number made being built for blocks ranging from 
about 30 to 40 tons. There are several types, the chief 
division being that into non-rotating, and the rotating ; — the 
latter being either capable of describing a complete circle, 
or a portion only of one. In some Titans the horizontal jib 
is sustained wholly on the framework of the base, and is 
therefore a cantilever machine. In others the ends are 
supported with rods coming from the top of a king post. 
Titans are balance cranes. They are driven mostly by 
steam, one set of engines lifting, slewing, and travelling. 
Electricity has also been used. 

Air Hoists. 

There is no essential difference between the fixed hoists, 
and those that travel. The differences lie in the pipe and 
track arrangements. These are termed trolley systems, and 
they fill a large place in some foundries, and machine shops. 
The tracks are rails, of H, or U sections, attached to the roof 
principals, or beams. In a well-arranged system, switches 
and turntables are fitted, and automatic safety stops. 

Fig. 213 illustrates a method of fixing overhead tracks 
adopted by the Brown Hoisting Machinery Co. Inc. As 
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Stability is of the first importance, and then clear head room 
for the trolley wheels, both are fulfilled by this design. The 
hanger bolt a is held with a cottar b below, and with a nut 
on a broad washer above the timber. 




Fig. 213. 

Fig. 214 shows a trolley carrier with a double knuckle 
joint to permit of swivelling round curves. The wheels run 
in roller bearings. The shape of the track is seen at a. 





Fig. 214. 

This is the Coburn track, and the system to which it belongs 
is a very complete one, including three designs. One of 
these only is shown in Fig. 215. Here the bridge a is 
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supported by light truss framings b, at the ends. The longi- 
tudinal carriers c combined with the cross traverse move- 
ment of the double carriers d d cover the floor area, similarly 
to an overhead traveller. In another system, parallel tracks 
are suspended from H beams. In a third, single tracks are 
arranged, both straight, and curved, with switches, and turn- 
tables. 

Long-armed Cranes. 

In recent years some remarkable types of long-armed 
cranes have been developed, chiefly for dealing with light 
loads with great rapidity. The Temperley transporters are 
long jibs attached at a position to one side of the centre of 




Fig. 215. 

their length, to a mast or tower, which is either permanent 
or temporary. They are pivoted, and the ends supported 
with guys or tie ropes. The hoisting trolley runs and dumps 
the load automatically. There are several types of these 
built. The Brown cantilever cranes are elevated tramways 
supported at about the centre, and the trolley is travelled, 
and discharges automatically. There are several varieties of 
these built. 

Single-rail Cranes. 

These are built to run down the centres of shops, machine 
shops chiefly. They are post cranes, the post describing a 
complete circle. The jib is horizontal, the tie being above. 

Q 
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Such cranes are operated by hand, or by the cotton rope, 
and latterly by the electric motor. These have long been 
favourites, but it is doubtful if they will not be displaced 
in a few years by the overhead travellers. They are used 
chiefly to pass down aisles of machines, where a traveller 
is not easily employed. 
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CONCLUSION. 

There are abundant indications that the crane industry is 
passing through a period of transition which has had no 
parallel in any previous epoch of its history. The epochs 
of the introduction of water and steam had no promise of 
such far-reaching issues as those which are opened up by 
the introduction of electricity, and in a lesser degree of air, 
and by the increasing demands made by manufacturers for 
better facilities for hoisting and haulage. Some of the old 
standard crane models are being quickly displaced by new 
types — the specialities of a few firms — and the time is fast 
approaching when most of the general crane makers will 
have to give place to the manufacturers of special types of 
hoisting machines, or else adopt their methods. 

This development is akin to that which is going on 
in other departments of engineering practice, notably in 
machine tools, and high speed engines. America and Ger- 
many have become very strong rivals to us in the crane build- 
ing industry, especially in hoists and winches, overhead 
travellers, Goliath and gantry or portal cranes, high speed 
electric lifts, and pneumatic cranes on overhead tracks. 

The principal developments have taken place in electricity 
and in air. With regard to the first-named, practice is still 
divided between single and multi-motor cranes, and between 
continuous and polyphase, — usually three-phase currents. 
With single motor cranes a large starting torque is not re- 
quired, and therefore shunt; motors are preferable. Multi- 
motor cranes starting under full load must have a large 
starting torque, and they work intermittently. Either con- 
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tinuous or multiphase currents are suitable for single motor 
cranes. For multi-motor cranes the continuous current 
series wound motor runs fast with a light, and slowly with 
a heavy, load. But the motor will race if the load is 
suddenly thrown off, while the three-phase motor under 
these conditions will show little alteration in speed. It 
should therefore generally be adopted. 

An electric generating plant is now so indispensable in 
firms, that the old objections to electric cranes no longer 
hold good ; in addition to which, the areas of public supply 
companies cover the majority of instances, and are still in- 
creasing rapidly. Pneumatic cranes require an air compress- 
ing plant, but this is not a large affair, and such a plant 
becomes almost indispensable in most works for other 
machines besides cranes, such as portable drills, chippers, 
caulkers, hose-pipes for foundry use, &c. 

The question of hoisting machinery is thus seen to be 
fast becoming a part of the broader question of the power 
equipment of works, and this has and will continue to have 
modifying influences in the working out of crane designs. 
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A-FRAMES, 46 

Air for operating cranes, 1 8 f , 1 82 

— hoists, 239 

— hoists, tracks for, 239-241 
Angle of upset, 80 
Attachments of tie rods, 38 



Balance boxes, 201 

— cranes, 200-202 

— cranes, hand, 200 

— cranes, steam, 220 

— cranes, portable, 220-222 
Ball races, 174 

Barrels, 124 

Base plates for foundations, 76- 

79 
Bases of fixed cranes, 72-79, 80- 

94 
Bearings, brass-bushed, 58, 59 

— dead eye, 53 

— divided, for shafts, 57, 58 

— divided, 91 

— for derrick cranes, 52, 53 

— for plated cheeks, 58-60 

— for shafts, 56-60 

— for trucks, 91, 92 

— spring, 91 



Bent jibs, 35, 36 
Bevel gears, 138, 139 

— gears on cranes, 85, 86 

— wheels, reversing, 143 
Block carriages, 127-129 
Blocking girders, 93 
Boilers of cranes, 180 
Bolts in foundations, 77 
Braced girders for overhead 

cranes, 108- no 

— jibs, 30-33 

Brake, magnetic, 154, 155, 236 
Brakes, 152-155 
Brass-bushed bearings, 58, 59 



Calculations relating to 
cranes, 1-3 

— for crane frames, 43 
Cambered timber jibs, 27, 28 
Cantilever jibs, 22, 23 
Castings for crane foundations, 

75-79 

— for derricks, 11-16 

— for jibs, 25-28 

— for truck centres, 83-86 
Cast-iron cheeks, 5 1 

— for snatch blocks, 170, 171 
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Cast-iron in cranes, 1S6, 187 

— posts, 16-20 

— truck wheels, 87-89 

— trucks, 81, 82, 85, 87 
Cast shoes for jibs, 26, 39 
Chains, 156-158 

— attachments of, to drums, 

175-177 

— care of, 157, 158 

— pitch, 158-160 

— proportions of, 157 

— shackles of, 42 

— taking out twist, 158 
Channel sections for posts, 21 
Cheeks and cross girders, 

method of fitting, 61, 62 
■— for crabs, 51, 54,55, 56 

— for hand cranes, 47, 48, 55 

— for timber-framed cranes, 52, 

53 

— for steam cranes, 45, 48 

— for wharf or quarry cranes, 53 

— of cast-iron, 51 

— of crabs, 122, 123 

— of cranes, stresses in, 48 

— of derrick cranes, 52, 53 

— of rolled section, 54 

— or frames for horizontal 

cranes, 46-48, 50 

— or frames for vertical cranes, 

46,48 

— or frames of cranes, 43-60 

— plated, 54-56 

— plated bearings for, 58-60 
Chilled truck wheels, 88, 89 
Clips, rail, 94 

Coal tips, 219 
Collecting pole, 231 
Composite cranes, 217, 218 
Compound trussed beams, 99, 
100 



Concrete foundations for fixed 

cranes, 74 
Conducting wires, 229 
Controllers, 235 
Converted travellers, 227 
Cotton rope travellers, 126 
Crab cheeks, 51, 54, 55, 56, 122, 

123 

— gears, overhead, 124-126 

— wheels, 123 
Crabs, hand, 190, 191 

— operation of overhead, 123- 

129 

— overhead electric, 127 

— overhead hand, 123-126 

— overhead power, 207-209 

— overhead steam, 126 

— versus jennys^ 122 

Crane barrels, or drums, 149-152 

— boilers, 180 

— chains, 156-158 

— cheeks, or frames, 43-60 

— cheeks, stresses in, 48 

— foundations, 72-79 

— frames, 43-60 

— frames, calculations for, 43 

— frames, outlines of, 44 

— gears, 130-145, ^9^ 

— hooks, 169-175 

— jibs, 22-42 

— posts, 20, 21 

— pulleys, sectional forms of, 

164-168 

— rollers, 71 

— shafts, 146-148 

— sheaves, 164-168 

— trucks, 80-87 
Cranes, balance, 200-202 

— bevel gears on, 85, 86 

— calculations relatmg to, 1-3 

— cast-iron for, 186, 187 
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Cranes, composite, 217, 218 

— concrete foundations for, 74 

— electrical, 182-184 

— Fairbairn, 211 

— floating, 218 

— foundry, 209, 210 

— gantry, 112, 238, 239 

— Goliath, 112 

— hand, 190-199 

— hand operated, 178, 179 

— hydraulic, 181, 215-218 

— long-armed, 241 

— materials used in, 185-189 

— methods of operation, 178- 

184 

— pneumatic, 181, 182, 212-215 

— portable, 200-202, 220-225 

— portable electric, 222-224 

— Portal, 238, 239 

— power, 207-241 

— pulleys for, 164-168 

— severe duties imposed on, 2 

— single rail, 241 

— smiths', 209, 210 

— specialisation in, i, 96 

— standardisation of, 2, 96 

— steam, 209 

— steam balance, 220-222 

— steam hydraulic, 218 

— steam operated, 180 

— steel for, 187, 188 

— timber for, 185, 186 

— Titan, 239 

— travelling, 203-206 

— travelling, defined, 95 

— travelling, frames of, 95-120 

— travelling, gears on, 85, 86 

— travelling, triangular -framed, 

191-193, 209-211 

— travelling wall, 194, 195 

— wharf, 195, 196, 210 



Cranes, wrought- iron for, i57, 

188 
Cranked jibs, 33, 24 
Cross girders and cheeks, 
methods of fitting, 61, 62 

— girders as roller frames, 65 

— girders as stretchers, 61-70 
Curb rings, 85, 86, 140-142 
Curved jibs, 35, 36 
Cycloidal teeth, 131, 132 
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Dead-eye bearings, 53 
Delta metal, 189 
Derrick castings, 11-16 

— cranes, bearings for, 52, 53 

— cheeks of, 52, 53 

— masts, 1 1- 16 

— posts, 21 

Derricks, foundations of, 72-74 

— hand, 196, 197 

— portable, 202 

— steam, 210, 211 

— ties for, 38 
Derricking gears, 142, 143 

— jibs, 42 

Diagrams of forces, 5-9 
Divided bearings, 91 

— bearings for shafts, 57, 58 
JDrun^s^ 134,- 149-152 

— chain attachments to, 175- 

— grooved spirally, 150-152 

— plain, 149 



Earth boxes, 223 
Electric crabs, 127 

— current, picking up, 223 

— hoists, 209 
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Electric cranes, 182-184 

End beams, or cradles of over- 
head travelling cranes, loi, 
102, 105, 106, III 

Excavators, 225 

Experience, value of, i 

Eyes of tie rods, 38, 42 



Fairbairn cranes, 211 
Fittings for iron jibs, 36 

— for jib heads, 40-42 

— for steel jibs, 36 

Fixed cranes, bases of, 72-79, 
80-94 

— power cranes, 207-219 

— steam cranes, 209-211 
Floating cranes, 218 
Forces, diagrams of, 5-9 

— in triangular-framed struc- 

tures, 5 
Foundation bolts, ^^ 

— castingsfor fixed cranes,75-79 
Foundations of cranes, 72-79 

— of derricks, 72-74 

— washer plates for, ^^ 
Foundry cranes, 209, 210 
Frames for rollers, 65-70 

— of A shape, 46 

— of cranes, 43-60 

— of overhead crabs, 121 

— of travelling cranes, 95-120 

— of travelling cranes, materials 

of, 96 
Fusee barrels, 150, 152 



Gantry cranes, 112, 238, 239 
— cranes, steel-framed, 119, 120 



Gear wheel castings, how made, 

133, 134 

— wheel teeth, proportions of, 

133 

— wheels, machine - moulded, 

133. 134 

— wheels, patterns for, 133, 134 

Gears, bevel, 138, 139 

— for derricking, 142, 143 

— for square shafts, 144 

— forms of teeth, 130-133 

— of cranes, 130-145, 196 

— of overhead crabs, 124-126 

— power of, 134, 135 

— ratchet, 144, 145 

— shrouds for, 144, 145 

— single, 136 

— steel for, 140 

— typical, 136-138 

— worm, 139, 228 
Generating circles, 131, 133 
Girders, blocking, 93 
Goliath cranes, 112 

— cranes, steel -framed, 1 16- 1 1 8, 

120 

— cranes, timber-framed, 113, 

120 
Goliaths, 197 

— power, 204-206 

— steam, 236-238 
Gun-metal, 188 



Hand crabs, 190, 191 

— cranes, 178, 179, 190-199 

— cranes, cheeks for, 47, 48 

— derricks, 196, 197 

— lifts, 198, 199 

— overhead crabs, 123-126 
Handles, winch, 179 
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Head fittings of jibs, 25-28 
Heads of posts, 62-64 
Hoist, oil governed, 212, 213 
Hoisting engines, 208, 209 
Hoists, air, 239 

— electric, 209 

— portable, 220 
Hooks, 169-175 

Horizontal cranes, cheeks or 
frames of, 46-48, 50 

— cranes, posts for, 21 
Hydraulic cranes, 181, 215-218 

— lifts, 219 



Involute teeth, 131, 132 
Iron jibs, 29-36 
— posts, 17-19 



Jennys, 121, 127 129 

— versus crabs, 122 
Jib castings, 25-28 

— head fittings, 25-28, 40-42 

— sockets, 25-28 
Jibs, 22-42 

— bent, 35, 36 

— braced, 30-33 

— cast shoes for, 26-39 

— cranked, 33, 34 

— for warehouse cranes, 29 

— of cantilever type, 22, 23 

— of iron or steel, 29-36 

— of iron or steel, fittings for, 

36-42 

— of rolled sections, 30-193 

— of steel, 193 

— of timber, 25-29 

— of raking type, 5, 24, 30 

— that derrick, 42 



Jibs, tie rods for, 37-42 

— with cambered timbers, 27-28 

— with struts, 24 

— with ties, 24 

Jointing square shafts, 148, 149 



Lifts, hand, 198, 199 

— hydraulic, 219 
Live rollers, 69, 70 

Loads on overhead traveller 
wheels, 103 

— on trussed beams, 99-102 

— on wheel axles, 103 
Long-armed cranes, 241 



Machine-moulded wheels, 

133, 134 
Magnetic brake, 236' 

Masting sheers, 211, 212 

Masts of derricks, 11- 16 

Materials of cranes, 185-189 

Motors for travellers, 227 



Odontograph, 132, 133 
Oil governing, 212, 213 
Operation of cranes, methods of, 
178-184 

— of overhead crabs, 123-129 
Outlines of frames, 44 
Overhead crab frames, 1 2 1 

— electric travellers, 226-236 

— traveller beams, trussing of, 

98 

— traveller, chain wheels for, 

165 

— traveller, cotton rope, 126 
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Overhead traveller girders, 
plated, 107, 108 

— traveller, motors for, 227 

— traveller wheels, stresses on, 

103 

— traveller, wiring for, 229-234 

— travellers, 203, 204 

— travelling cranes, end beams 

or cradles, loi, 102, 1 1 1 

— travelling cranes, end cradles 

of, 105, 106 

— travelling cranes, braced 

girders for, 108- no 

— travelling cranes, rolled joists 

for, 104-106 

— travelling cranes, span of, 

97,98 

— travelling cranes, wheel base, 

98, 102 



Pattern wheels, 1 33, 1 34 
Patterns for steel castings, 188 
Paths for rollers, 66, 67, 70, 7 1 
Pawls, 148 
Permanent way, truck wheels 

for, 90 
Phosphor bronze, 189 
Pins for tie rods, 38 
Pitch chains, 158-160 
Pivots of posts, 1 1 
Plated cheeks, 54-56 

— girders for travellers, 107, 108 

— snatch blocks, 171-173 
Pneumatic cranes, 212-215 
Pole collecting, 231 

Portable cranes, 200-202, 220- 
225, 238, 239 

— cranes, posts for, 19 

— derricks, 202 



Portable electric cranes, 222-224 

— steam balance cranes, 220- 

222 
Post heads, 62-64 

— heads, tie rods in, 63, 64 
Posts for horizontal cranes, 21 

— for portable cranes, 19 

— for steel derricks, 21 

— for warehouse cranes, 19 
- of channel sections, 21 

— of cranes, 10-21 

— of iron or steel, 17-19 

— pivots of, 1 1 

— of timber, 10 
Power crabs, 207-209 

— cranes, 207-241 

— cranes, fixed, 207-219 
Pulley blocks, 190 

— flanges, 165 

Pulleys for cranes, 164-168 



Quarry cranes, cheeks of, 53 



Racking carriage, 121 
Rail clips, 94 
Raking jibs, 5, 24, 30 
Ratchet wheels, 144, 145 > •- 
Resistance boxes, 235 
Return blocks, 170 
Reversing bevel wheels, 143 
Rolled joists for overhead 
cranes, 104-106 

— sections for jibs, 30, 193 

— sections for cheeks, 54 

— sections in trucks, 82, 83 
Roller frames, 65-70 

— paths, 66, 67, 70, 71 
Rollers for cranes,^ 71 

— live, 69, 70 
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Rope wheels, 166-168 
Ropes, 160-163 

— care of, 161 

— cotton, 162 

— hempen, 160, 161 

— length of splice, 162 

— manila, 162 

— speed of, 163 

— size of pulleys for, 161- 163 

— wear of, 163 

— wire, 160-162 



Screws of tie rods, 42 

Severe duties imposed on 

cranes, 2 
Shackles, 169-173 

— for chains, 42 
Shaft bearings, 56-60 

— pawls, 148 

Shafts of cranes, 146-148 

Sheaves, 164-168 

Sheer legs, 197, 198 

Sheers, masting, 211, 212 

Shrouds, 144, 145 

Simple trussed beams, 98, 100 

Single flanged wheels, 87-90 

— rail cranes, 241 
Smiths' cranes, 209, 210 
Snatch blocks, 170-173 
Sockets for jibs, 25-28 

Span of overhead travelling 

cranes, 97, 98 
Specialisation in cranes, i, 96 
Spring bearings, 91 
Sprocket wheels, 166 
Square shaft travellers, gears for, 

144 

— shafts, jointing of, 148, 149 
Stability of cranes, 202 



Standardisation of cranes, 2, 96 
Steam crabs, 126 

— cranes, 180-209 

— cranes, cheeks for, 45, 48 

— derricks, 210, 211 

— Goliaths, 236, 238 

— hydraulic cranes, 218 
Steel castings, 188 

— for cranes, 187, 188 

— for gears, 140 

— for jibs, 193 

— framed gantry crane, 119, 

120 

— jibs, 29-36 

— posts, 17-19, 21 

— tyred truck wheels, 90 

— wheels for trucks, 88 
Stresses in crane cheeks, 48 

— on truck wheels, 91 
Stretchers or cross girders, 6 1-70 
Struts in trussed beams, 99 
Strutted jibs, 24 
Superstru^:tures, how carried, 

62-64 
Swivels, 169, 174 



Teeth of gears, forms of, 130- 

133 

— of gears, proportions of, 133 

Tension rods for jibs, 37-42 
Tie rod eyes, 38, 42 

— rod pins, 38 

— rod screws, 42 

— rods, attachments of, 38 

— rods for jibs, 37, 42 

— rods in post heads, 63, 64 
Ties for derricks, 38 
Tie-supported jibs, 24 
Timber jibs, 25, 29 
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Timber posts, lo 
Timber-framed cranes, 191-193 

— cranes, cheeks of, 52, 53 

— cranes, Goliath, 1 13-120 

— travelling cranes, 96, 97 
Titans, 239 

Tracks, overhead, 239-241 
Travelling cranes, 203-206, 226- 
241 

— cranes defined, 95 

— cranes, frames of, 95-120 

— crane frames, materials of, 96 

— crane, timber in, 96, 97 

— gears of cranes, 85, 86 

— wheels, 87-91 
Travellers, converted, 227 

— overhead, 203, 204 

— overhead electric, 226-236 
Treads of wheels, 88-90, 103 
Triangular-framed cranes, loi- 

103, 209-211 

— structures, forces in, 5 
Truck bearings, 91, 92 

— wheels, 87-91 

— wheels, chilled, 88, 89 

— wheels, for double rails, 90 

— wheels, for permanent way, 

90 

— wheels of cast-iron, 87-89 

— wheels of steel, 88 

— wheels, steel tyred, 90 

— wheels, stresses in, 91 
Trucks, built up, 82-86 

— centres, castings for, 83-86 

— of cast-iron, 81, 82, 85, 87 

— of cranes, 80-87 

— rolled sections in, 82, 83 
Trussed beams, 98 

— beams, struts in, 99 

— beams, compound, 99, 100 

— beams, loads on, 99, 102 



Trussed beams, simple, 98, 100 
Tyred wheels, 90 

Upset, angle of, 80 



Vertical cranes, cheeks or 
frames of, 46-48 



Wall bracket for crane gears, 53 

— cranes, 194, 19$ 
Warehouse cranes, posts for, 19 

— cranes, jibs for, 29 
Washer plates in foundations, ^^ 
Water power, 181 

Wharf cranes, 210 

— cranes, cheeks of, 53 

— cranes, hand, 195, 196 
Wheel axles, loads on, 103 

— base, 98, 102 

— treads, 103 

— race, 140-142 

— teeth, cycloidal, 131, 132 

— teeth, involute, 131, 132 

— teeth, proportions of, 133 

— treads, 88, 90 
Wheels of crabs, 123 

— rope, 166-168 

— single flanged, 87-90 

— sprocket, 166 
Whip cranes, 193, 194 
Winch handles, 179 
Winches, portable, 220 

— power, 207-209 
Wires, conducting, 229 
Wiring for overhead travellers, 

229-234 
Worm gears, 139, 228 
Wrought-iron for cranes, 187, 

188 
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THE MECHANICAL ENQINEER'5 POCKET-BOOK. 

Comprising Tables, Formulae, Rules, and Data : A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnbar Clark. M. In<«t. C.E., 
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P. Powles, 
A.M.I.C.E., M.I.M.E. Small 8vo, 700 pp., bound in flexible Leather Cover, 
rounded comers. [/«J/ Published. Net Q/Q 

SUMMARY OF CONTENTS :— MATHEMATICAL TABLES.— MEASUREMENT OF SURFACES 
AND SOLIDS.— ENGLISH WEIGHTS AND MEASURES.— FRENCH METRIC WEIGHTS AND 
ME.\SURES.— FOREIGN WEIGHTS AND MEASURES.— MONEYS.— SPECIFIC GRAVITY, 
WEIGHT, AND VOLUME.— MANUFACTURED METALS.— STEEL PIPES. —BOLTS AND NUTS.— 
SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER, BRASS. LEAD, TIN, ZlNC— 

Strength OF MATERIALS. — Strength of Timber.— Strength of Cast iron.— 

STRENGTH OF WJIOUGHT IRON.— STRENGTH OF STEEL.— TENSILE STRENGTH OP COPPER, 

Lead, &c.— Resistance of Stones and other Building Materials.— Riveted Joints 
IN Boiler plates.— Boiler shells.- wire Ropes and Hemp Ropes.— Chains and 
Chain Cables.— Framing.— Hardness of metals, alloys, and Stones.— Labour op 
animals.— Mechanical Principles.— Gravity and Fall op Bodies.— accelerating 
AND Retarding forces.— Mill Gearing, shafting, &c.— Transmission of Motive 
Power.— Heat.— Combustion: fuels.— warming. Ventilation, Cooking stoves.— 
steam.- Steam Engines and Boilers.— Railways.— tramways.— steam Ships.— 
Pumping steam engines and Pumps.— Coal Gas, Gas engines, dec— Air in motion. 
—Compressed air.— Hot Air Engines.— Water Power.— Speed op Cutting Tools. 
—Colours.— Electrical engineering. 

" Mr. Clark numifests what is an innate perception of what is likely to be useful in a pocket- 
book, and he is reaUy unrivalled in the art of condensation. It is very difficult to hit upon any 
mechanical engineering subject concerning wtiich this work supplies no information, and thie 
ezceDent index at the end adds to its utility. In one word, it is an exceedingly handy and ^^irciwit 
tool, possessed of which the engineer will be saved many a wearisome calculation, or yet more 
wearisome hunt through various text-books and treatises, and, as such, we can heartily recommend 
It to our readers."— 7%« Enginttr. 

" It would be found difficult to compress more matter within a rimUar compass, or produce a 
book of 700 pajges which should be more compact or convenient for pocket reference. . . . Will 
be appreciateoDy mechanical en gi nee w of all rlawes , "—PrmtMaU Engineer, 
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THB WORKS' MANAQBR'S HANDBOOK. 

CompriiinE Modem Rules, Tablu, uid Dsu. For EaeiiMcn, MillwriEhU, 
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THE PRACTICAL BNaiNBER'5 HANDBOOK. 

CoDpriiiDE ■ Treuiie on Modem Enpnei mid Boilers, Muine, Loconuitlve, 
■nd SufioDuy. And copUJDiDB ■ Imrrt collecEion of Rules kdd PlftcdoJ 
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MR. MUTTON'S PRACTICAL HkHDSOOy^S-cotiHmud, 



5TEAM BOILER CONSTRUCTION. 

A Practical Handbook for Eng^ineers, Boiler-Makers, and Steam Users. 

Containing a large Collection of Rules and Data relating to Recent Practice 

in the Design, Construction, and Working of all Kinds of Stationary, Loco- 

motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 

Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 

Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 

Third Edition, thoroughly Revised, in part Re-written, and much Enlarged. 

Medium 8vo, over 600 pages, cloth, strongly bound .... 18/0 

10^^ This Work is issued incontinuation of the Series of Handbooks wfitten 

by the A uthor, vix, : — " The Works'Manager's Handbook " and " The Practical 

Engineer's Handbook," which are so highly appreciated by engineers for the 

practical nature of their information ; and is consequently written in the same style 

as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference, 0/ such a large amount of thoroughly practical informatum on Steam- 
Boilers, wiu be of considerable service to those for whom it is intended, and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

"One of the best, if not the best, books on boilers that has ever been published. The infor. 
mation is of the rig^ht kind, in a simple and accessible form. So far as {generation is concerned, this 
fat, undoubtedly, the standard book on steam practice." — Eltctricai Review. 

" Every detail, both in boiler design and managfement, is clearly laid before the reader. The 
Tolume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the /In de siic/e Engineer and Works Manager." 
—Marine Engineer. 

" There has long been room for a modem handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied 
in the construction, design, selection, or use of boilers." — Engineer. 

" The book is of so important and comprehensive a character that it must find its way into the 
libraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
Informed. We strongly i^ecommend the book for the intrinsic value of its Qoaivxa."— Machinery 
Market, 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous 'Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Templbton, Author of 
" The Engmeer's Practical Assistant," &c., &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook,'^ "The Practical Engineer's Hand- 
book," &C. Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 lUus- 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 8/0 

" In its modernised form Hutton's * Templeton ' should have a wide sale, for It contains much 
valuable information which the mechanic will onen find of use, and not a few tables and notes which 
he flight look for in vain in other works. This modernised edition will be appreciated l^ all who 
have learned to value the original editions of ' Templeton.' "— English Mechanic. 

" It has met with great success in the engineerinj; workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe theu rise fai life to this little \30o\t."Suiiding 
Nems. 

" This familiar text-book— >well known to all mechanics and engineers— Is of essential service 
to the every-dav requirements of engineers, millwrights, and the various trades connected with 
engineertng ana building. The new modernised edition is worth its weight in gold."— '^m«&A^ 
News. (Second Notice.) 

" This well-known and largely-used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and woricshop."— 
Mechanical JVorld. 

" The publishers wisely entrusted the task of revision of this popular, valuable, and usefu 
book to Mr. Hutton, than whom a more competent man they could not have found."— /r«M. 



ENGINEER'S AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Ekiition, with Additions. z8mo, cloth 2/6 

"Occupies a foremost place among books of this kind. A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be made." — Buiiding News. 

" A deservedly popular worlc It should be in the ' drawer ' of every mechanic."— iPN^/irA 
Mechanic. 
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THB MECHANICAL BNQINEER'5 REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. GBuntAi. 
Enginbbking Data. Part II. Boilbr Constsuction. With 51 Plates and 
numerous Illustrations. By Nblson Folby, M.I.N. A. Second Edition, 
Revised throughout and much Enlarged. Folio, half-bound . Nel £8 8sa 

PART I.— Measures.— CiRCUMFBRBNCBS and Areas, &c.. squares, cubbs. 
Fourth powers.— square and Cube roots.— surface op tubes.— Reciprocals.— 
Logarithms.- Mensuration.— Specific Gravities and Weights.— work and 
Power. — HEAT.— Combustion.— Expansion and Contraction.— Expansion of 
Cases.— Steam.— Static Forces.— gravitation and ArrRAcrioN.— motion and 
Computation of Resulting Forces.- accumulated work.— centre and radius 
OP Gyration.- moment of Inertia— centre of Oscillation.— ELECTRicmr.— 
Strength of Materials.- ELASTicmr.— Test Sheets of Metals.— Friction.— 
Transmission of Power.— flow of Liquids.— flow of Gases.— Air Pumps, surface 
condensers, &c.— Speed of stbamships.—Propellers.— Cutting Tools.— Flanges. 
—Copper Sheets and Tubes.— Screws, Nuts, Bolt Heads, Ac- Various Recipes 
AND Miscellaneous Matter.- with DIAGRAMS for Valvb^Gbar, belting and 
ropes. Discharge and Suction Pipes. Scrbw propellers, and copper Pipbs. 

^ PART II.— Treating of power of Boilers.— Useful Ratios.— notes om 
Construction. — cylindrical Boiler Shells. — Circular Furnaces. — Flat 
Plates.— STAYS. — Girders.— screws. — hydraulic Tests. — Riveting. — Boiler 
Setting, chimneys, and mountings.— fuels. &c.— Examples of Boilers and speeds 
of Steamships.- Nominal and Normal horse power.— With diagrams for all 
Boiler calculations and drawings of many Varietibs of Boilers. 

'* Mr. Foley is w«Il fitted to compQe such a work. The diagrams are a great feature of the 
worlc It may be stated that Mr. Foley has produced a Tolume which will undoubtedly fulfil the 
desire of the author and become indispensable to all mechanical eapaten."— Marine Eitglfuer. 

" We hare carefiiOy examined this work, and pronounce it a most exceDent reference book 
or the use of marine engineers."— y<n<rMa/ o^Afturican Society ^ Naval Engineers. 

COAL AND SPEED TABLES. 

A Pocket Book for Engineers and Steam Users. By Nelson Foley, Author 

of " The Mechanical Engineer's Reference Book." Pocket size, cloth . 8/6 

" These tnblctt nre designed to meet the requirements of every-day use ; they are of sufficie 
icoi>e for nio6t practical purposes, and may be coumicuded to engineers and users of steam." — Iron. 

TBXT-BOOK ON THB STEAM ENGINE. 

With a Supplement on Gas Engines, and Part II. on Heat Enginbs. By 
T. M. Goodbvb, M.A., Barrister*at-Law, Professor of Mechanics at the Roval 
College of Science, London ; Author of " The Principles of Mechanics," " The 
Elements of Mechanism, "&c. Fourteenth Edition. Crown 8 vo, cloth . 6/0 

"Professor Goodeve hai given us a treatise on the steam engine which will bear comparison 
with anything written by Huxley or Maxwell, and we can award it no higher praise."— ^MypffMcr. 

*' Mr. Goodevo's toxt-booK Is a worlc of which every young engineer should possess himself." 
'^Afining journal, 

ON OAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

GooDBVE, M.A. Crown 8vo, cloth 2/6 

** Like all Mr. Goodeve's writings, the present is no exception In point of general excellence. 
It is a Taluable little volume."— iUrcAawtoi/ IVorid. 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By £. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

Net Bie 

A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, CE. 
Fifth Edition, xamo, cloth 6/0 

" The best treatise that has ever been published on steam boHets."— Engineer. 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 

auares, cubes, roots, &c. ; Strergth of Bolts, Weight of Iron, &c. ; Weights, 
easures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwards, M.Inst.C.E. Fcap. 8vo, cloth. 3/6 

"A very useful little volume. It contains many tables, classified data and memoranda 
generally useful to engineers."— ^m^^mmt. 

"What it professes to be, ' a handy oflice companion,' giving In a succinct form, a variety of 
information likely to be required by mechanical engineer! in their everyday office work."— JMs/wrs. 
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A HANDBOOK ON THE STEAM ENGINE. 

With especial Reference to Small and Mediam-sised Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Habdbr, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powlbs, A.M.I.CE., M.I.M.E. 
Th'rd Edition, Revised. With nearly x,ioo Illustrations. Crown 8vo, 
cloth Net 7/6 

" A perfect enc^lopaedla of the steam eneine and its details, and one which must take a per* 
b DMce in Engltsh orawine-offices and workshops."— vf Foreman Pattern-maker, 

"This is an excellent book, and should be in tne hands of all who are interested in the con* 
stmctkm and design of medium-sized stationary engines. ... A careful study of its contents and 
the aixangement m the sections leads to the conclusion that there b probably no other book like It 
la this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achievement of this \A.9a."— Nature. 

" There can be no question as to its value. We cordially commend it to all concerned in the 
design and construction of the steam engine." — Mechanical IVorld. 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on Lightning Conductors, 
By Robert Wilson, A.I.CE., Author of " A Treatise on Steam Boilers," &c. 

Crown 8vo, cloth 3/6 

** A valuable contribution to the literature of scientific bulIdinff."->7:%< Builder, 

BOILER MAKER'S READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtney. Edited by D. K. Clark, 
M.I.C.E. Fourth Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, half- 
bound 7/0 

" No workman or apprentice should be without this book."— /rvM Traele Circular. 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refri|^eration. By A. J. 
Wallis-Taylbr, A.M.Inst.C.E., Author of ''Refrigerating and Ice-Making 
Machinery." 6<x> pp., with 360 Illustrations. Medium Bvo, cloth. 

[Just Published. Net 1 5/0 

*'The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a lai^e body of readers, for it leaves out nothing that would in 
any way he of value to those interested m the subject."— 5MamjAt>>. 

" No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable hQo)L."—Glassvw Herald. 

THE POCKET BOOK OP REFRIGERATION AND ICE- 

MAKINQ FOR 1903. 

Edited by A. J. Wallis-Tayler, A.M.Inst.C.E. Author of " Refrigerating 
and Ice-n\aking Machinery," &c. Small Crown 8vo, cloth. 

[Just Published. Net^lS 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Taylbr, 
A.-M. Inst. C.E. Third Edition, Enlarged. Crown 8vo, cloth. 

[Just PublisJud, 7/6 

"Piactical, explicit, and proAisely illustrated."— CAu^vw Herald. 

•« We recommend the book, whicn gives the cost of various systems and UlustrBtlons showlnc 
detalli of parts of machinery and general arrangements of complete installations."— ^M^iUlrr. 

** May be recommended as a useful description of the machfaiery, the processes, ami of the 
facts, figures, and tabulated physics of refrigerating. It b one of the best compilations on the 
subject —i^Mirifotfr. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva- 
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J. 
Wallis-Taylbr, A.-M. Inst. C.E. Medium 8vo, 468 pp. With ai8 
Illustrations. [Just Published. Net 25/0 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universaL This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description ot the processes best 
carried out by this machinery."— ^^Mnta/ Society 0/ Arts. 
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ENQINEBRINQ ESTIMATES, C05T5, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 

A Gbnbral Manacbr. Second Edition. 8 vo, cloth 12/0 

'* This b an exceUent and T«ry useful book, coTerine subject-matter in constant requisltloo in 
fTWy Cactoty and worlcshop. . . . The boolc is invaluable, not only to the youngs engineer, but 
Slio to the estimate department of every •<motki."—BiHUUr, 
led — - 



We accord the worlc unqualified praise. The information is given in a plain, straightforward 
, and bears throughout evidence of the intimate practical acquaintance of the author with 
phase of commercial engineering."— JftrAaMilw/ Ivor Id. 

AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. By A. J.Wallis-Taylbr, A.M.Inst.C.E. 

With 8z Illustrations. Crown 8vo, cloth 7/6 

" This is in its way an excellent volume. Without going into the minutiae of the subject, it 
yet lajrs before its readers a very good exposition of the various systems of rope transmission m use, 
and gives as well not a little valuable inrormation about their worlcing. repair, and management. 
We can safely recommend it as a useful general treatise on the subject." — The Engineer. 



MOTOR CARS OR POWER-CARRIAQES FOR COMMON 

ROAD5. 

By A. J. Wallis-Tayler, A. M. Inst. C.E., Author of "Modem Cycles," 

&c. ai2 pp., with 76 Illustrations. Crown 8vo, cloth .... 4/6 

" The book is clearly expressed throughout, and is Just the sort of worlc that an engineer, 
thinldn^ of turning his attention to motor-carriage work, would do well to read as a preBminary 
to startmg o^enXxons."— Engineering. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Hornbr, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/6 

" This work is characterised by that evidence of close acquaintance with worlcshop methods 
which will render the book exceedingly acceptable to the practical hand. We have no hesitation 
ia commending; the work as a serviceable and practical handbook on a subject which has not 
hitherto received much attention from those qualified to deal with it in a satisfiactory manner."— 
Mechanical IVorld. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Construction, 
and including Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam 
and Greensand, estimating the weight of Castings &c. By Joseph G. Horner, 
A.M.I.M.E. Third Edition, Enlarged. With 486 Illustrations. Crown 8vo, 
cloth. \Juit Published, Net 7/6 

" A well-written technical guide, evidently written by a man who understands and has prac* 
tised what he has written about. . . . We cordially recommend it to engineering students, young 
ioumeymen, and others desirous of being initiated into the mysteries of pattem-malcing."— ^M<Mer. 

" An exceUent wtde mecutn for the apprentice who desires to become master of his trade." 
—English Mechanic. 

MECHANICAL ENGINEERING TERMS 

nx>ckwood's Dictionary op. Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c Com* 

? rising upwards of 6,o(m Definitions. Edited by J. G. Hornbr, A.M.I.M.E. 
bird Edition, Revised, with Addition >. Crown 8vo, cloth. . Nei 7/6 

"Just the sort of handy dictionary required by the various trades en^ged in mechanical ec* 
glneering. The practical engineering pupil will find the book of great value m his studies, and every 
foreman engineer and mechanic shoula have a copy." — Building News. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By J. Hornbr, A.M.I.M.E. 

With 184 Illustrations. Crown 8vo, cloth 6/0 

" We give the book our unqualified praise for its thoroughness of treatment, and recommend 
it to all interested as the most practical book on the subject yet mriVita."— Mechanical JVorld. 

FIRE5, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage> 
ment; Foreign Fire Systems; Hints on Fire-Brigades, &c. By C. F. T. 

Young, C.E. 8vo, cloth £1 4a. 

** To such of our readers as are interested \n the subject of fires and fire appaiatus we can 
most heartily commend this hoolk."— Engineering. 



MECHANICAL ENGINEERING, *c. 



ATRIAL NAVIQATION. 

A Practical Handbook on the Construction of BrriKible Balloons, Aeiostats, 
Aeroplanes, and Aeremotors. By Frederick Walker, C.E., Associate 
Member of the Aeronautic In&titute. With 104 Illustrations. Large Crown 
8vo, cloth. [Just Published. Net. 7/6 

STONB-WORKINO MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 
Hints on the Arrangement and Management of Stone Works. By M. Powis 
Bale, M.^.M.E. Second Edition, enlarged. Crown 8vo, cloth . . 9/0 

" The book should be in the hands of eveiy mason or student of stoneworic"— C#tfdkf:y 
GtuirdiaH. 

** A capital handbook for all who manipulate stone for building or ornamental pnrposas.'^ 
JUacMnery Market. 

PUMP5 AND PUMPING. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M.I. M.S. Fourth Edition. Crowti 
8vo, cloth 3/Q 

" The matter is set forth as concisely as possible. In fasX, condensation rather than difiiise- 
ness has been the author's aim throughout ; yet he does not seem to have omitted anything likely to 
be of use."— ydwrwo/ 0/ Gas Lighting'. 

" Thcrough'y practical and clearly v/ritttn."—Glasg'(nv Herald. 

MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. B^ Paul N. Hasluck, 
Author of ' ' Lathe- Work. " With upwards of 300 Engravings. Large crown 8vO) 

cloth 12/6 

" A new departure in englneerine literature. . . . We can recommend this work to all ln« 
tatested in milling machines ; it Is what it professes to be— « practical treatise."— ffV^MMr. 

" A capital and reliaUe book which will no doubt be of considerable service botii to those 
who are already acquainted with the process as well as to those who contemplate its adoption.'*— 
btdustrUs. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of Turning. By PaUl N. Hasluck. Seventh Edition. Crown 8vo, 
cloth 5/0 

" Written by a man who knows not only how woric ought to be done, but who also knows bow 
to do It, and how to convey his knowledge to others. To aUtumeR this book would be valuable."— 
BngimeriHg. 

" We can safely recommend the work to young engineers. To the amateur It wiO simpiy be 
invaluable. To the student it will convey a great deal of useful Infomurtion."— igwjfrfmir. 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complete 
Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 
of " Lathe-Work," &c Fifth Edition. Waistcoat-pocket size . .1/6 

" FuU of useful information, hints and practical criticism. Taps, dies, and screwing toob 
generally are iUustrated and their action described."— ^«eAa»^di/ World. 

" It is a complete compendium of all the details of the screw-cutting lathe ; In facti a muttum" 
in-farv on all the subjects it treats upon."— Caf:^cni)er and BuiUUr. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, &c. 

Selected and Arranged by Francis Smith. Sixth Edition, Revised, includbg 
Electrical Tables, Formula, and Memoranda. Waistcoat-pocket sise, 

limp leather • • • 1 /6 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and fiDrmuUfe 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful aXXemvlt."— Engineer. 

" The best example we have ever seen of 970 padres ot useful matter packed into the dimeh^ 
Slons of a caxA<aa»."—Buildin£ News. " A veritable pocket treasury of knowledge."— JircM. 

POCKET GLOSSARY OP TECHNICAL TERMS. 

English-French, French-English; with Tables suitable for the Architecttiral, 
Engineering, Manufactturing, and Nautical Professions. By John Jambs 
Fletcher. Third EUiition, aoo pp. Waistcoat-pocket size, limp leather 1/6 

" It is a very great advantage for readers and correspondents in France and England to have 
83 large a number of the words relating to engineering and manufiicturers collected In a llfipudan 
vohune. The little book will be usefiil both to students and travellers."— ^ncA^fec^ 

" The glossary of teems is very complete, and many of the Tables are new aad well arranged. 
We cordially commend the book."— JWecAaM^kw/ H^erU. 
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THE ENGINEER'S YEAR BOOK FOR 1903* 

Comprising Formulae, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kbmpb, A.M. Inst. C.E., 
M.I.E.E., Principal Technical Officer, £ngineer-in-Chief's Office, General Post 
Office, London, Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket-Book," &c. With x,ooo Illustrations, specially 
Engraved for Uie work. Crown 8vo, about i.ooo pp., leather. 

[jHst Publishsd. 8/0 

"Kempa's Year Book really requires no commendatioa. Its sphere of usefulness is widely 
known, and it is used by engineers tae world over."— Tik* hngifuer. 

"The ToluuM is distinctly In advance of most similar publicatioos in this country.*— 

" This Taloable and well-designed book of reference m e et s the demands of all descrlptfcms of 
englneen."— %S«/Mntfaj' Rgvitw. 

" Teems with up-to-date information in every branch of engineering and construction."— 
Buiidtntr ytws. 

** The needs of the engineering profession could hardly be supplied in a more admtambla, 
complete and convenient form. To say that it more than sustains all comparisons is praise of the 
behest sort, and that may Justly be said otlf'^Mininf youmal, 

** There is certainly room for the newcomer, which supplies ex|danatioas and direction s , as 
wen as formulae and tablM. It deserves to become one of the most successful of the terhnkaJ 
annuals. ' '—A rchiUct. 

" Brings together with great skill all the technical informatioB which an engineer has to nse 
day by day. It is in every way admirably equipped, and is sure to prove successfuL"— >Sctf l ! ri » Mt »t. 

" The up-to-dateness of Mr. Kempe's compilation is ^ quality that will not be lost on the busy 
people for whom the work is intended."— <rAu;f(Mv Herald, 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the nae 

of Owners and Users of Steam Engines generally. By William Dyson 

Wansbrough. Crown 8vo, cloth 8/6 

** This is a work of value to those who use steam machinery. . . . Shoukl be read by every 
one who has a steam engine, on a farm or elsewhere."— Afank Lane Express. 

" We cordially commend thb work to buyers and owners of steam-engines, and to those who 
have to do with their construction or use."— 7Y»nArr Trades youmal, 

" Such a general knowledge of the steam-engine as Mr. Wansbrough furnishes to the reader 
should be acquined by all intelligent owners and others who use the steam-engine."— ^MiAftnif' News. 

" An excellent text-book of this useful form of engine. The ' Hints to Purchasers ' contain a 
good deal of common-sense and practical wisdom."— £m£^AM Mechanic. 

IRON AND STEEL. 

A Work for the Forge, Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers : 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Con- 
sulting Engineers ; Architects, Contractors, Builders, &c. By Charles Hoarb, 
Author of ^' The Slide Rule," &C. Ninth Edition, aamo, leather . 6/0 

" For comprehensiveness the book has not its equal"- /rvw. 

" One of the best of the pocket books."— ^iv^txA Mechanic, 

CONDENSED MECHANICS. 

A Selection of Foimulae, Rules. Tables, and Data for the Use of Engineering 
Students, &c By W. G. C. Hughes, A.M.I.C.E. Crown 8vo, cloth . 2/6 

" The book is well fitted for those who are preparing for examfaiatton and wish to refresh 
their knowledge by going through their formulae zfpm.— Marine Engineer, 

THE SAFE USE OP STEAM. 

Containing Rules for Unprofessional Steam Users. By an Engineer. Seventh 
Edition. Sewed 8i>, 

" If steam-users would but learn this little book by heart, boiler expk>sions would become 
sensations by their ntity."—Sttgiish Mechanic. 

THE CARE AND MANAGEMENT OF STATIONARY 

BNQINBS. 

A Practical Handbook for Men-in-cbarge. By C. Horst. Crown 8vo, cloth. 

[Just Published. Net I/O 
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THE LOCOMOTIVE ENGINE. 

The Antobiography of an Old Locomotive Engine. By Robert Wbathbr* 
BURN, M.I.M.E. With Illustrations and Portraits of Gborgb and Robert 
Stephenson. Crown 8vo, cloth. Net 2/6 

SUMMARY OF CONTENTS: — PROLOGUE. — CYLINDERS. — MOTIONS. —CONNECTING 
RODS.— FRAMES.— WHEELS. —PUMPS, CLACKS, &C. — INJECTORS. — BOILERS.— SMOKE 

Box.— Chimney.— Weather Board and awning.— Internal Dissensions.— Engine 
Drivers, &c. 

** It would be difficult to imag^e anything: more ingfeniously planned, more cleverly worked 
out, and more charmingly written. Readers, whether young: or old of a mechanical turn, cannot 
feU to find the volume most enjoyable as weU as most ins'ructive."— (r/ax^ow Herald. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1903. By Clement E. Stretton, C.E. Sixth Edition, 
Revised and Enlarged. With 130 Illustrations. Crown 8vo, cloth. 

[Just Published, Net 4/6 

" Students of railway history and all who are interested in the evolution of the modem 
oromotive will find much to attract and entertain in this volume."— 7:k< Times, 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
Michael Reynolds, formerly Locomotive Inspector, L. B. & S. C. R. 
Eleventh Edition. Including a Key to the Locomotive Engine. 
Crown 8vo, cloth 4/6 

" Mr. Reynolds has supplied a want, and has supplied t welL We can confidently recom- 
mend the book not only to the practical driver, but to everyone who takes an interest in the 
performance of locomotive eng[ines." — The Engineer. 

" Mr. Reynolds has opened a new chapter in the literature of the day. This admirable 
practical treatise, of the practical utility of which we have to speak in teniis of warm commendation." 
^—jithttuetitn, 

THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Inventors. By Michael Reynolds. Second 
Edition, with Revised Appendix. Crown 8vo, cloth. .... 4/6 

" We should be g[lad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /tvm. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. By Michael Reynolds. 8vo, cloth 

9/0 

" A popular explanation of the different brakes. It will be of great assistance in forming 
public opinion, and will be studied with benefit by those who take an interest in the brake."— iSn^/irA 
Mechanic. 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 

Michael Reynolds. Sixth Edition. With Plates and Woodcuts. 

Crown 8vo, cloth 4/6 

" The author % advice on the various points treated is clear and pncxicil."— Engineering. 
" Our author leaves no stone unturned. He is determined that his readers shall not only 
know something about the stationary engine, but all about M."— Engineer. 

ENGINE-DRIVING LIFE. 

Stirring Adventures and Incidents in the lAvts of Locomotive Engine- 
Drivers. By Michael Reynolds. Third Edition. Crown 8vo, cloth . 1 /6 

" From first to last perfectly fascinating. Wilkie Collbis's most thrilling conceptions are 
thrown into the shade by true incidents, endless in their variety, related in every pagp.'*— North 
British MaiL 



THE ENGINEMAN'S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By Michael Reynolds. With 45 Illustrations and numerous Diagrams. 
Fourth Edition, Revised. Royal i8mo, strongly bound for pocket wear. 3/6 

" A most meritorious work, jfiving in a succinct and prncticnl fonn all the information an 
en^i^ine-uiinder desirous of mastering the scientific principles of his daily calling would requiic." — 
The Atitler. 
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CIVIL ENGINEERING, SURVEYING, ETC. 



LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA, AND THB COLONIB5. 

A Practical Handbook setting forth the Principles on which Light Railways 
should be Constructed, Worked, and Financed ; and detailing the Cost of 
Construction, Equipment, Revenue and Working Expenses. By J. C. Mackav, 
F.G.S., A.M. Inst. CE. Illustrated with Plates and Diagrams. 8vo, cloth 

16/0 

"Mr. Mackay's volume is cleaily and concisely mitten, admirably arranged, and freely 
iHnsttated. The book is exactly wbat has been lone wanted. We recommend it to all interested 
in the subject. It is sure to have a wide saiiB."— Railway News. 

TUNNELLING. 

A Practical Treatise. By Chakles^ Prelini, C.E. With additions by 
Charles S. Hill, C.E. With 150 Diagrams and Illustrations. Royal 8vo, 
cloth Net-i 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works, Shaft-sinking, and Heading-driving, 
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels. By F. W. Simms, 
M. Inst. CE. Fourth Edition, Revised and Further Extended, including the 
most recent (1895) Examples of Sub-aqueous and other Tunnels, by D. Kinnear 
Clark, M. Inst. CE. With 34 Foldmg Plates. Imperial 8vo, cloth £2 2s. 

" The present (1896) edition has been brouslit fight up to date, and bthus rendered a woik to 
which civil engineers generally should have ready access, and to which engineers who have con- 
struction work can hardly afford to be without, but which to the younger members of the profesaon 
is invaluable, as from its pages they can learn the state to which the science of tunnelling has 
attained."— i?ai/SMty News. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
By W. K. Burton, A.M. Inst. C.E., Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Super-royal 8vo, buckram. [Jutt Publiihed. 26/0 

I. INTRODUCTORY. — II. DIFFERENT QUALITIES OF WATER. — III. QUANTITY OF 
WATER TO BE PROVIDED.— IV. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF 
SUPPLY IS SUFFICIENT.— V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED 
TO BE PROVIDED.— VI. CLASSIFICATION OF WATER-WORKS.— VII. IMPOUNDING RESER- 
VOIRS.— VIII. EARTHWORK DAMS.— IX. MASONRY DAMS.— X. THE PURIFICATION OF 

Water.— XI. Settling Reservoirs.— XII. Sand Filtration.— Xlll. Purification 
OF Water by Action of iron. Softening of water by action of Lime, Natural 
Filtration.— XIV. Service or clean Water Reservoirs- Water towers— Stand 
Pipes.— XV. The Connection of Settling reservoirs, Filter Beds and Service 
reservoirs.— XVI. pumping machinery.— XVII. flow of Water in Conduits- 
Pipes AND Open Channels.- xviii. Distribution Systems.— XIX. Special Pro- 
visions for the Extinction of Fire.— XX. Pipes for water-works.— XXI. Pre- 
vention of Waste of Water.— XXII. Various Appliances used in Connection 
with Water-works. 

Appendix I. By Prof. JOHN MILNE, F.R.S.— Considerations concerning the 
Probable effects of Earthquakes on Water-works, and the Special Pre- 
cautions to be taken in Earthquake countries. 

APPENDIX II. By JOHN DE RIJKE, C.E.— ON SAND DUNBS AND DUNE SAND AS 

A Source of water supply. 

" The chapter upon filtration of water is very complete, and the details of construction weB 
Illustrated. . . . The work should be specially valuable to civil engineers engaged in work in 
Japan, but the interest is by no means confined to that locality."— £M^'M««r. 

** We congratulate the author upon the practical commonsense shown in the preparation of 
this work. . . . The plates and diagrams have evidently been prepared with great care, and 
cannot fail to be of great assistance to the student."— ^m>V<^. 

RURAL WATER 5UPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for small Country Districts. By Allan Grebnwell, A.M.I.C.E., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth 6/0 

"We conscientiously recommend it as a very useful book for those concerned in obtaining 
water for small districts, giving a great deal of practical information hi a small compass."— ^M^Mer. 
" The volume contains valuable information upon all matters connected with water supply. 
. . It is full of details on points which are continually before water-works engineers."— ATa/wrv. 
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THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr. A. M. Inst. C.E., and M. Inst M.E., Author of " Cast 
and Wrought Iron Bridge Construction^" &c., &c. Illustrated with <o Double 
Plates, z Single Plate, Coloured Frontispiece, and upwards of 350 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 
half-bound in morocco I^ei £6 6t. 

List of Contents. 

I. Historical Sketch op somb op thb means that have been adopted por 
THE Supply of Water to Cities and Towns.— II. Water and the foreign Matter 

USUALLY ASSOCIATED WITH IT.— III. RAINFALL AND EVAPORATION.— IV. SPRINGS AND 
THE WATER-BEARING FORMATIONS OP VARIOUS DISTRICTS.— V. MEASUREMENT AND 
ESTIMATION OP THE FLOW OP WATER.— VI. ON THE SELECTION OF THE SOURCE OF 

Supply.— VII. wells.— viii. reservoirs.- ix. the purification of water.— 
X. Pumps.— XI. Pumping Machinery.— XII. Condufts.- Xlll. Distribution of Water. 
—XIV. Meters, Service Pipes, and house Fittings.— XV. The Law and Economy of 
Water-works.- XVI. Constant and Intermittent supply.— XVII. description op 
Plates.— APPENDICES, giving Tables of Rates of Supply, Velocities, &c., &c., 
together wrrH Specifications of several Works illustrated, among which 

will be found : ABERDEEN, BiDEFORD, CANTERBURY, DUNDEE, HALIFAX, LAMBBTH, 

Rotherham, Dublin, and others. 

" The most systematic and valuable work upon water supply hitherto produced in English, or 
in any other language. Mr. number's work is characterised almost throughout by an 
exhaumveness much more distinctive of French and German than of English technical treatises." 
-"Bftgineir. 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Croydon Marks, A.M. Inst. C.E. With 
nearly 200 Illustrations. 8vo, cloth. [/»«/ Published. Net 9/0 

Summary of Contents 

Principles op Hydraulics.— The flow of water.— hydraulic Pressures, 
Material.— TEST Load Packings for Sliding Surfaces.— Pipe Joints.— con- 
trolling Valves.— Platform Lifts.— Workshop and Foundry Cranes.— Ware. 
house and Dock Cranes.- Hydraulic Accumulators.— Presses for Baling and 
OTHER purposes.— Sheet Metal working and Forging Machinery.— Hydraulic 
Rivetters.— Hand, Power, and steam Pumps.— Turbines.— Impulse Turbines, 
—reaction Turbines.— Design of turbines in Detail.— Water Wheels.— 
Hydraulic Engines.— Recent Achievements.— Pressure of Water.— Action of 

PUMPS, &c. 

" We have nothing but praise for this thoroughly valuable work. The author has succeeded 
in rendering ms subject mteresting as well as instructive."— /Vvc/tos/ Ensinur. 

"Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans- 
mission and utilisation of power."— Af(fcAaM»as/ fVorid. 

HYDRAULIC TABLES, CO-EFFICIENTS, & F0RMULi4S. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Infirarmation on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Sm>ply f<»r Towns and Mill 
Power. By John Neville,^ Civil Engineer, M.R.I.A. Third Edition, 
revised, with considerable additions. Numerous Illustrations. Crown 8vo, 

cloth 14/0 

" It is, of all English books on the subject, the one nearest to completeness."— ^rrA*^<r<. 

HYDRAULIC MANUAL* 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 

Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 

Author of "Aid to Survey Practice," "Modern Metrology," &c. Fourth 

Edition, Enlarged. Large crown 8vo, cloth 1 6/0 

"The author has constructed a manual which may be accepted as a trustworthy guide 
to this branch of the engineer's pto(esaon."—£HgiHeerin£: 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa* 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
ByCHARLBsSLAGG,A.M.Inst.C.E. Second Edition. Crown 8vo, cloth . 7/6 
"As a small practical treatiae on the water supply of towns, and on some appHcatlons of water- 
power, the work is in many respects excellent."— J5M;riM«(W«v< 

" The author has collated the results deduced from the experiments of the hiost eminent 
.uithorities, and has presented them in a .compact and practical form, accompanied by very clear 
and detailed explanations. . . . The application of water as a motive power is treated very 
carefully and exhaustively."— i?»iV</(rr-. 
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THE RECLAMATION OP LAND PROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in 
Works of Reclamation. By Albx. Bbazblbv, M.Inst. C£. 8vo, doth. 

Ifet 10/6 
" The book shows in a concise wajr what has to be done in reclaiming land from the sea, and 
the best way of doing it. The work contains a great deal of practical and useful information which 
cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land- 
owners intending to reclaim land from the sea." — Tht Engineer. 

" The author has carried out his task efficiently and well, and his book contains a laxg« 
amount of information of great service to engineers and others interested in works of reclamation." 
—Nature. 

MA50NRY DAMS PROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. Bj 
C F. CouRTNBY, M. Inst. C.E. 8vo, cloth 9/0 

** The volume contains a good deal of valuable data. Many useful suggestions wiD be found 
in the renoarks on site and position, location of dam, foundations and constniction.'*-- ^a(»Miii|^ 
News. 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Sticcesslul Reduction bj this Method of 
the Bar at Dublin. By I. J. Mann, Assist. £ng. to the Dublin Port and Docks 
Board. Royal 8vo, cloth 7/Q 

" We recommend all interested in harbour worlcs--«nd, indeed, thoae ooncemed in the 
mprovements of rivers generally— to read Mr. Mann's interesting woek,"-^Bttg-fyietr. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System; with an ezhaostivv 

Analysis of the Various Modes of Traction, including Hotsc Power, Steam, 

Cable Traction, Electric Traction, &c. : a Description of the Vaneties of 

Rolling Stock ; and ample Details of Cost and Working Expenses. New 

Edition, Thoroughly; Revised, and Including the Progress recently made in 

Tramway Construction, &c., &c. By D. Kinnbar Clark, M.InstCE. 

With 406 Illustrations. 8vo, 780 pp., buckram. 28/0 

" The new volume is one which will rank, among tramway engineers and those interested in 
tramway woridng, with the Author's world-fiuned book on railway machinery."— rA< Engineer. 

SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND 3URVEYOR3. ♦ 

Including the Setting-out of Works for Construction and Sur\'eys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By John White- 
law, Tun., A.M. Inst. C.E., Author of " Points and Crossings. With about 
360 Illustrations. Demy 8vo, cloth. l/usi Publisiud. Net 1 0/6 

"This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those en^a^ed in actual practice." — The Builder. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or fat Sunrey-work in 
the Colonies. By Gborgb W. Usill, A.M.I.C.E. With 4 Lithographic 
Plates and upwards of 330 Illustrations. Seventh Edition. Including Tables 
of Natural Smes, Tangents, Secants, &c Crown 8vo, 7/6 cloth ; or, on Thin 
Paper, leather, gilt edges, rounded corners, for pocket use ... 1 2/6 

" The best forms of instruments are described as to their construction, naas and nodes 
of employment, and there are innumerable hints on woric and equipment luch as the mthor, in 
his experience as surveyor, draugrhtsman and teacher, has fotmd necessary, and which the student 
In his inexperience will find most serviceable."— £»^>i«<r. 

" The first book which should be put in the hands of a pupil of Civil Fngjnooring " 
Arehitect. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting*out; and in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illtistrations, and Records. 
By Lewis D'A. Jackson, A.M.I.C.E. Second Edition, Enlarged. 8vo, 

cloth 12/6 

** Mr. Jackson has produced a viduable tmele-ftucum for the sutveyor. We can recommend 
tills book as containing an admirable supplement to the teaching of the accompU^Md suffvejror."— 
Athetueufn, 

" The author brings to his work a fortunate union of theory and practical eatp e itonce irtilch, 
aided by a clear and ludd st^ of writing, renders the book a very nseAu one."— igwWir. 
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SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the nse of Civil and Military Engineers and Surveyors. 

Including two series of Tables specially computed for the Reduction of 

Readings in Sexagesimal and in Centesimal Degrees. By Neil Kbnnbdv, 

M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth. JVet 10/6 

" The work is very clearly written, and should remove all difficulties the way of any surveyor 
desirous of making use of tliis useful and rapid instrument"— ^aA^fv. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
tise of Theodolite for Traverse Surveying and plotting the work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Setting-out Curves w.th and without the Theodolite, Earthwork 
Tables, &c. By W. Davis Haskoll, C.E. With numerous Woodcuts. 
Fourth Edition, Enlarged. Crown 8vo, cloth 1 2/0 

** The book is very handy ; the separate tables of sines and tangents to every minute will make 
it useful for many other purposes, the genuine traverse tables existing a the same.' -"AtJunaufH. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harboturs. With Description 
and Use of Sturveying Instruments. By W. Davis Haskoll, C.E. Second 
Edition, Revised, wiu Additions. Large crown 8vo, cloth . . . 9/0 

** This book must prove of ^eat value to the student. We have no hesitation in recom* 
mending It, feeling assured that it will more than repay a careful study."— Mechanical IVorld. 

** A most usefiil book for the student. We can strongly recommend it as a carefully-written 
■nd valuable text-book. It enjoys a well-deserved repute among savvey ot&."—Build€r, 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frbdbrick W. Simms, M. Inst. C.E. Eighth Edition, with Law's Practicid 
Examples for Setting-out Railway Curves, and Trautwinb's Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts, 
8vo 8/6 

" The text-book on levelling in most of our engineering schools and colleges."— £f^ff«rr. 

"The publishers have rendered a substantial service to the profession, especially to the 
younger memoers, by brbaging out the present edition of Mr. Simms's useful ytatk."—EngiHtering. 

AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRiaONOMETRICAL 5URVBY. 

For the Formation of Geographical and Topographical Maps and Plans, Mili* 
tanr Reconnaissance, LEVELLING, &c., with Useful Problems, Formuke, 
and Tables. By Lieut. -General Fromb, R.E. Fourth Edition, Revised and 
partly Re-written by Major-General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts, royal 8vo, cloth .... 1 6/0 

" No words of praise from us can strengthen the position so well and so steadily maintained 
bf this woric Sir Charies Warren has revised the entire work, and made such additions as were 
nnrewity to bring every portion of the contents up to the present date"— Broad Arrow. 

TABLES OF TANGENTIAL ANQLE5 AND MULTIPLES 

FOR 5BTTlNa-0UT CURVES. 

From 5 to aoo Radius. Bj A. Beazelbv, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves; Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size. 

3/6 

" Each table is printed on a small card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument— no small advantage as regards the rapidity of woric"— ^M^'iMvr. 

" Very handy : a man may know that all his dav's work must fall on two of these cards, which 
he imts Into his own card<aae, and leaves the rest heiuBd."—Ai/$eHau*ti. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to 80 feet in Depth or Height, for use with either 
66 feet Chain or xoo feet Chain. By J. H. Watson Buck, M. Inst. C.E. 
On_a Sheet mounted in cloth case. 8/6 
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BARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, ftc, of 
Heights or Depths up to an averi^e of 80 feet. By Joseph Broadbbht, C.E., 
and Francis (jampin, C.E. Crown 8vo, cloth fi/Q 

" The way in which accuracy is attained, liy a simple division of each cross section into three 
elements, two in wliich are constant and one variable, is vagerao\sA."—AtheHauin. 

A MANUAL ON EARTHWORK. 

By Alex. J. Graham, C.E. With numerous Diagrams. Second Edition. 
i8mo, cloth 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By T. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, Svo, cloth 1 2/0 

" Many of the methods tfiven are of extreme practical value to the mason, and the obserra- 
tions on the form of arch, the rules for ordering the stone, and the construction of the templates, 
will be found of considerable use. We commend the book to the engineerinsr profession."— 
BuiUUnf News, 

" Win be r^farded by civil engineers as of the utmost value, and calaihted to save much 
time and obviate many mistakes." — Colliery Guarddan. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts. — Theoretical, Practical, and Descmttive. By William Humbbr, 
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im< 
proved, with 115 Double Plates (30 of which now first appear in this edition), 
and numerous Additions to the Text. In 3 vols., imp. 4to, half-bound in 

morocco £6 16«. 6d. 

" A veiy valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, large scale details are given, which very much enhance ttie 
Instructive worth of those illustrations." — Crvtl Enfrineer and Architecfs youmal. 

"Mr. Humber's stately volumes, lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. BnineC Sir W. Cuoitt, 
Mr. Hawkshaw. Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most emfafient 
engineers, are drawn and specified in great 6xXaS\."— Engineer. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gborgb 
Watson Buck, M.I.C.E. Fourth Edition, revised by his Son, J. H. Watsom 
Buck, M.I.CE. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.CE. 
Royal Svo, cloth 1 2/0 

" The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, 
and It wouldbe Impossible to consult a better."— fM^'weer. 

noard 



' Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested 
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— ^MtfoiifH^AinMr. 



THE CONSTRUCTION OP OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial Svo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofs Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arche; and 
Piers, and other Frameworks. By^ K. Hudson Graham, C.E. Containing 
Diagrams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. S(>ecially airanged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. Svo, cloth . 1 Q/Q 

" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied."- £«^«<«*'. 

" The work is excellent from a practical point of view, and has evidently Jbeen ptepaied 
with much care. The directions for working are ample, and are illustrated by an abundance of 
well-selected examples. It is an excellent text-book for the practical draughtsman."— ^Mc»urt#m. 

WEIGHTS OF WROUGHT IRON & STEEL QIRDER5. 

A Graphic Table for Facilitating the Computation of the Weights of Wrought 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. InsL C.E. On a Sheet .... 2/6 
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PRACTICAL QEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Rules for the Delineation 
and Application of various Geometrical Lines, Figures, and Curves. By 
£. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

" No book with the same objects in view has ever been published in wliich the clearness of 
the rules laid down and the illustrative diagrams have been so saSAsAncXoty."— Scotsman, 

THE GEOMETRY OF C0MPAS5E5. 

Or, Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Olives Bvrnb. Coloured Plates. 
Crown 8vo, cloth 8/6 

HANDY BOOK FOR THE CALCULATION OP 5TRAIN5 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Applica- 
tion, &c. By William Humbbr, A. M. Inst. C.E., &c. Fifth Edition. 
Crown 8vo, with nearly xoo Woodcuts and 3 Plates, cloth . . . 7/6 

** The formulae aie neatly expressed, and the diagrams %'aQA."—'AtkeHautK. 

"We heartily commend this really handy book to our engineer and architect readers."-^ 
BngUsh Mtchanic. 

TRUSSES OP WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses. Breaking 

Weights, Safe Loads, Scantlings, and Details of Construction. Witn Complete 

Working Drawings. By William Griffiths, Surveyor, Assistant Master, 

Tranmere School of Science and Art. Oblocg, 8vo, cloth . . 4/6 

"This handy little book enters so minutely into every detail connected with the con* 
structloh of roof trusses that no student need be i^nnorant of these matters." — Practical Engineer. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Shbilds, M.I.CE. 
8vo, cloth 5/0 

A TREATI5E ON THE STRENGTH OP MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways^ &c By Pbtbr Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hopgkinson, Fairbairn, and Kirkaldv ; and 
Formulae tor calculating Girders, &c Arranged and Edited by Wm. Humbbr, 
A. M.Inst. C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous 
Woodcuts, cloth 1 8/0 

** Valuable alike to the student, tyro, and the experienced practitioner, it will always rank 
in future as it has hitherto done, as the standard treatise on that particular subject."— J?MSC^N««r. 

" As a scientific work of the first class, it deserves a foremost place on the booksh^Tes of 
•very civil engineer and practical mecAiXDic"— English Mechanic, 

5APE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; Mrith a De* 
scnption of Modern Appliances and Systems. By Clembnt E. Strbtton, 
C.E., Vice-President and Consulting Engineer, Amalgamated Sodetjr of 
Railway Servants. With Illustrations and Coloured Plates. Third Ekiition, 
Enlarged. Crown 8vo, cloth 3/Q 

"A book for the engfineer, the directors, the manaifers; and, in short, all who wish for 
infbrmatioa on railway matters will find a perfect encyclopaedia in ' Safe Railway Working.' "— 
Railway Review. 

" The author may be congratulated on having collected, in a very convenient form, much 
valu<able infonnation on the principal questions affecting the safe working of mlwuys."— Railway 
Engineer. 

EXPANSION OP STRUCTURES BY HEAT. 

By John Kbilt, C.E., late of the Indian Public Works Department. Crown 

8vo, cloth 3/6 

" The aim the author has set before him, vie, to show the effects of heat upon metallic and 
other ■tructuns, is a laudable one, for this is a branch of physics upon wldch the engineer QX 
9fchltact can find bat little reliable and comprehensive data in hock%r—BuiUtr, 



l6 CROSBY LOCKWOOD ^ SON*S CATALOGUE. 
THE PR0QRE55 OP MODERN ENQINEERINO. 

Complete in Four Volumes, imperial 4to, half-morocco, price £12 128. 

Each volume sold separatel^r, as follows : — 
First Series, Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
Bridge, and other Engineering Works, &c. By William Humber, 
A. M. Inst. C.E., &c Imp. 410, with 36 Double Plates, drawn to a large scale, 
Phott^aphic Portrait of John HawWshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c. Half-morocco . . £3 3s. 

List of the Plates and Diagrams. 
Victoria Station and Roop, L. B. & S. C. R. fa plates); Southport Pier 

(a PLATES) ; VICTORIA STATION AND ROOP. L. C. & D. AND G. W, R. (6 PLATES) ; ROOF 

OF Crbmorne Music Hall; bridge over g. n. Railway; Roof of station, 
DUTCH Rhenish Rail, (s plates); Bridge over the Thames, West London 
Extension Railway (s plates); armour Plates; Suspension Bridge, Thames 
(4 PLATES): The Allen Engine; Suspension Bridge, Avon (3 plates); Undbr^ 
ground Railway (3 plates). 

HUMBER'S MODERN ENQINEERINO. 

Second Series. Imp. 4to, with 3 Double Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter* 
press. Specifications, &c. Half-morocco £3 3s« 

List of the Plates and Diagrams. 

Birkenhead docks. Low Water Basin (15 plates) ; Charing Cross Station 
Roof, C. C. Railway (3 plates); Digswell Viaduct, Great Northern Railway; 
Robbery wood Viaduct, Great Northern Railway; iron Permanent Way; 
Clydach Viaduct, Merthyr, Tredegar, and Abergavenny Railway; Ebbw 
Viaduct, Merthyr, Tredegar, and Abergavenny Railway; College Wood 
Viaduct, Cornwall Railway; Dublin Winter Palace Roof (3 plates); Bridge 
over the Thames. L. C. & D. Railway (6 plates); Albert Harbour, Greenock 

(4 PLATES). 

HUMBER'5 MODERN ENQINEERINO. 

Third Series. Imp. 4to, with 40 Double Plates, Photo^aphic Portrsut of 
J. R. M 'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, 
Specifications, &c. Half-morocco £3 3st 

List of the Plates and Diagrams. 

Main Drainage, Metropolis.— A'<?r/A 5^.— Map showing Interception of 
Sewers ; Middle Level Sewer (3 plates) ; Outfall Sewer, Bridge over River 
Lea (3 plates) ; Outfall Sewer, Bridge over Marsh. Lane, North Woolwich 
Railway, and Bow and Barking railway Junction; Outfall Sewer, Bridge over 
Bow and Barking Railway (3 plates) ; Outfall sewer. Bridge over East London 
Water-works' Feeder (a plates) ; Outfall Sewer Reservoir (a plates) ; Outfall 
Sewer, Tumbling Bay and Outlet ; Outfall Sewer, Penstocks. South Side.— 
Outfall Sewer, Bermondsey branch (a plates) ; Outfall Sewer, Reservoir and 
Outlet (4 plates) ; Outfall Sewer, Filth Hoist ; Sections of Sewers North and 
South Sides). 

Thames Embankment.— Section of River Wall; Steamboat Pier, West- 
minster (a PLATES) ; LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO 

Bridges ; York Gate (a plates) ; Overflow and outlet at Savoy street Sewer 

(3 PLATES); STEAMBOAT PlER, WATERLOO BRIDGE (3 PLATES) ; JUNCTION OF SBWBRS, 

Plans and Sections ; Gullies, plans and sections ; Rolling Stock ; Granite 
AND Iron Forts. 

HUMBER'5 MODERN ENQINEERINO. 

Fourth Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c. Half-morocco £3 3t. 

List of the Plates and Diagrams. 

ABBEY Mills pumping Station. Main Drainage, Metropolis (4 plates) ; 
Barrow Docks (5 plates) ; Manquis Viaduct, Santiago and Valparaiso Railway, 

(a plates) ; ADAM'S LOCOMOTIVE, ST. HELEN'S CANAL RAILWAY (a PLATES) ; CANNON 
STREET STATION ROOF, CHARING CROSS RAILWAY (3 PLATES); ROAD BRIDGE OVER 

THE River Moka (a plates) ; Telegraphic Apparatus for Mesopotamia ; Viaduct 
OVER THE River Wye, Midland Railway (3 plates); St. Germans Viaduct, 
Cornwall Railway |a plates); wrought-Iron Cylinder for Diving bell 
MiLLWALL Docks (6 plates); Milroys Patent Excavator ; Metropolftan Dis- 
trict Railway (6 plates) ; Harbours, ports, and breakwaters (3 plates). 
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NAVIGATION, ETC. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK of FormulaB, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clement Mackrow, M.I.N. A. 
Eighth Edition, Carefully Revised and Enlarged. Fcap., leather. 

[ /usi Publisktd. Net 1 2/6 

SUMMARY OF CONTENTS :— SIGNS AND SYMBOLS, DECIMAL FRACTIONS.— TRIG0> 

noilbtry.— practical geometry.— mensuration.— centres and moments of 
Figures, -moments op Inertia and Radii op gyration.— Algebraical Expressions 
FOR Simpson's rules.— mechanical principles.— Centre of gravity.— Laws of 
Motion. —Displacement, Centre of buoyancy.— Centre of Gravity of Ships 
Hull.— Stability Curves and Mbtacentres.— Sea and Shallow-water Waves. 
—Rolling of Ships.— propulsion and Resistance of vessels.— Speed Trials.— 
Sailing Centre of Effort.— Distances down Rivers, Coast Lines.— Steering AHb 
Rudders of Vessels.— Launching Calculations and Velocities.— weight of 
Material AND gear.— Gun particulars and weight.— Standard Gauges.— 
Riveted Joints and Riveting.— Strength and Tests of Materials.— Binding 
and Shearing stresses, &c.— strength of Shafting, pillars, wheels, Ac- 
Hydraulic Data, &c. — Conic Sections, Catenarian Curves. — Mechanical 
powers, work.— board of trade Regulations for boilers and engines.— Board 
OF TRADE Regulations for Ships.— Lloyd's Rules for Boilers.— Lloyd's Weight 
of Chains.— Lloyd's Scantlings for Ships.— Data of Engines and vessels.— 
Ships' Fittings and tests.— Seasoning preserving timber.— measurement of 
Timber.— ALLOYS, Paints, Varnishes.— Data for Stowage.— admiralty Trans- 
port Regulations. — Rules for Horse-power, Screw propellers, &c.— Per- 
centages for Butt Straps, &c.— Particulars of Yachts.— Masting and Rigging 
Vessels.— Distances of foreign ports.— tonnage Tables.— Vocabulary of 
French and English Terms. — English weights and measures. — Foreign 
Weights and measures.— decimal equivalents.— Foreign money.— Discount 
and Wages Tables.— Useful Numbers and Ready Reckoners.— tables of 
Circular Measures.— Tables of Areas of and Circumferences of Circles.— 
Tables of areas of Segments of Circles.— Tables of Squares and Cubes and 
Roots of Numbers.— Tables of Logarithms of numbers.— Tables of Hyper- 
bolic Logarithms.— Tables of Natural Sines. Tangents, &c.— Tables of 
Logarithmic Sines. Tangents, &c. 

** In these days of advanced knowledge a work like this is of the greatest value. It contains 
a vast amount of intonnation. We unheshatingly say that it is the most valuable compilation for its 
specific Durpose that has ever been printed. No naval architect, engineer, surveyor, seaman, 
wood or iron shipf>uilder, can afford to be without this woA."—Afauti£tU MaguMiru. 

" Should M used by all who are engaged in the construction or design of vessels. . . . Will 
be found to contain the most useful tabl^ and fonnulae required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple form. The book is one of 
exceptional iaitx\ii."SHgineer. 

" The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of hb worlc"— /rvw. 

" There is no doubt that a pocket-book of this description must be a necessity in the ship- 
building trade. . . The volume contains a mass of useful information deariy expressed and 
presented in a handy form."— Afan'M< Enginttr. 

WANNAN'5 MARINE ENQINEER'5 GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
302 Elementary Questions with Illustrated Answers, and Verbal Questions 
and Answers ; complete Set of Drawings with Statements completed. By 
A. C. Wannan,C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. Illustrated with numerous Engrav- 
ings. Third Edition, Revised and Enlarged. 500 pages. Large crown 8vo, 
cloth. {JustPublisfud, Net lOJS 

" The book is clearly and plainly written and avoids unnecessary explanations and formulasi 
and we consider it a valuable book for students of marine engineering." — Nautical Magajtine. 

WANNAN'S MARINE ENGINEER'S POCKET-BOOK 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 

By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought up to 

Date. Square i8mo, with thumb Index, leather. iJtt^t Fublished. 5/0 

"There is a great deal of useful information m this little pocket-book. It is of the nile-of* 
thumb order, and Is, on that account, well adapted to the uses of the sea-going engineer."— 
Engineer, 

l^ B 



i8 CROSBY LOCKWOOD «• SOlf'S CATALOGUE. 
SEA TERMS, PHRA5E5, AND W0RD5 

(Technical Dictionary of) used in the English and French Langoages 
(English-French^ French-English). For the Use of Seamen, Engineers, Pilots, 
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. Pikrik, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . 5/0 

TMs volume will be Idffhly appreciated by seamen, engineers, pilots, shlpboHdeis and ship- 
It will be found wonderfully accurate and complete. '^^^^^rman. 
A very useful dictionary, which has long been wanted hf French and English engineen, 
oflken mod oth9n."~-SMiP>f itttr ff^'f'i*' 



ELECTRIC 5HIP-LiaHTINO. 

A Handbook on the Practical Fitting and Ronning of Ships' Electrical Plant, 
for the Use of Shipowners and Builders, Marine Electricians and Sea-^oing 
Engineers in Charge.^ Bv T. W. Urquhart, Author of "Electric Light, 
"Dynamo Construction, &c Second Edition, Revised and Extended. 
With numerous Illustrations. Crown 8vo, cloth 7/6 

MARINE ENQINEER'5 POCKET-BOOK. 

Consisting of useful Tables and FcMrmula. By Frank Proctor, A. I.N. A. 
Third Edition. Royal aamo, leather 4/0 

" We recommend it to our readers as going far to supplv a long-fiBlt want."— JMnw/ ScUtu*. 
" A most useful companion to all marine engineers."— 6w<M Strvtt* GuMtttt, 

ELEMENTARY MARINE ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, Construction 
and Management of Marine Engines and Boilers, Geometry, &c. With 
an Appendix of Useful Tables. By J. S. Brbwbr. Crown 8vo, cloth 1/6 

" Contains much valuaUe information for the class for whom it is intended, especially in the 
chapters on the management of boilers and engines."— AiSMMco/ Magusini. 

MARINE ENGINES AND 5TEAM VE55EL5. 

A Treatise on. By Robbrt Murray, CE. Eighth Edition, thoroughly 
Revised, with considerable Additions by the Author and by Gborgb 
Caruslb, C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown 
Svo, cloth 4/6 

PRACTICAL NAVIGATION, 

Consisting of Thb Sailor's Sba-Book, bv Jambs Grbbnwood and W. H. 
RossBR ; together with the requisite Mathematical and Nautical Tables for 
the Working of the Problems, by Hbnrv Law, C.E., and Professor J. R. 
Young. Illustrated, zamo, strongly half-bound 7/0 

THE ART AND 5CIENCE OP 5AILMAKINa. 

Bv Samubl B. Sadlbr, Practical Sailmaker, late in the emplovment of 
laessrs. Ratsey and Li^thome, of Cowes and Gosport. With Plates and 

other Illustrations. Small 4to, cloth 1 2/6 

" This extremely practical worit gives a complete education in all the branches of the manu. 

facture, cutting out, ropmg, seaming, and goring. It is copiously illustrated, and will foim a first* 

rate text-book and g\^6it, —Porttmcuth TttiHs. 

CHAIN CABLE5 AND CHAINS. 

Comprising Sixes and Curves of Links, Studs, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making^ Forming and Welding LinkSj Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c, &c. Bv 
Thomas W. Traill, F.E.R.N., M.Inst.C£., Engineer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent Lloyd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 
cloth, bevelled boards £2 2b. 

** It contains a vast amount of valuable information. Nothing saems to be wanting to make it 
a complete and standard work of nfeicnce on the subject."— AiswMae/ i/!v(Mrt>M. 
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MACHINERY FOR MBTALLIPER0U5 M1NE5. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 

Mines. ByE. HbnryDavibs, M.E., F.G.S. 600 pp. With Folding Plates 

and other Illustrations. Medium 8vo, cloth. [Just Published. Net 26/0 

" Deals exhaustiveljr with the many and complex details which go to make up the sum total of 

machinery and other requirements for the successful workin{( of metalliferous mines, and as a book 

of ready reference is of the hitj^hest value to mine managers and directors." — Mining yournai. 

" Mr. Davies has done the advanced student and the manager of mines good service. 
Almost every kind of machineiy in actual use is caiefiilty described, and the woodcuts and plates 
are good."— Atfutueutn. 

THE DEEP LEVEL MINES OP THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny (of Johannesburg), M.N.E.I.M.E., Consulting Engineer to 
the General Mining and Finance Corporation, Ltd., of London, Berlin, Paris, 
and Johannesburg. Fully Illustrated with Diagrams and Folding Plates. 
Royal 8vo, buckram. [/usi Published. Net 26/0 

*' Mr. Denny by confining himwlf to the consideration of the future of the deep-level mines 
of the Rand breaks new ground, and by dealine^ with the subject rather from a commercial stand- 
point than from a scientific one, appeals to a wicte circle of readers. The book cannot fail to prove 
of very great value t investors in South African mines." — Mining youmal. 

"Will interest all who are concerned in any way with the Witwatersrand Goldfields."— 
77k Time*. 

PROSPECTING FOR GOLD. 

A Handbook of Information and Hints for Prospectors based on Personal 
Experience. By Daniel ^. Rankin, F.R.S.G.S., M.R.A.S., formerly 
Manager of the Central African Company, and Leader of African Gold Pros- 
pecting Expeditions. With Illustrations specially Drawn and Engraved for 
the Work. F'cap. 8vo, leather. {Just Publisked. Net 7/6 

" This well-compiled book contains a collection of the richest gems of useful knowledge for 
the prospector's benefit. A special table is given to accelerate the spotting at a glance of minerals 
associated with goXd." --Mining Journal. 

THE METALLURGY OP GOLD. 

A IVactical Treatise on the Metallurgical Treatment of Gold-bearing Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. Eissler, 
M. Inst. M.M. Fifth Edition, Enlarged. With over 300 Illustrations and 
numerous Folding Plates. Medium 8vo, cloth. [ Just Published. Net 21/0 

** This book thoroughly deserves its title of a * Practical Treatise.' The whole process of gold 
mining, from the breaking of the quartz to the assay of the bullion, is described in dear and orderly 
narranve and with much, out not too mudi, fulness of detaSL"— Saturday Review. 

" The work is a storehouse of information and valuable data, and we strongly recommend it 
to an professional men enjgaged in the gold-mining industry."— lifi&i^isc' youmai, 

THE CYANIDE PR0CE55 OP GOLD EXTRACTION. 

And its Practical Application on the Witwatersrand Gold Fields and el^where. 
Bt M. Eissler, M. Inst. M.M. With Diagrams and Working Drawings. 
Third Edition, Revised and Enlarged. 8vo, cfoth [Just Published, Net 7/6 

" This book is Just what was needed to acquaint miidng men with the actual working of a 
process which is not only the most popular, but us, as a genwal rule, the most successful for the 
ertraction of gold from taulings."— JlfitotN^ youmai. 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Denny, M.N.E. Inst. M.E., 
M. Inst. M.M. Medium 8vo, x68 pp., with Illustrative Diagrams 1 2/6 



" Tlicre is certainly scope for a work on diamond drilling, and Mr. Denny deserves gratefu 
recognition for supplying a decided want. We strongly recommend every board of directors to 
carefully peruse the pages of the work,"— iftW^vy^MimaA 
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ao CROSBY LOCKWOOD 6* SOS'S CATALOGUS. 
FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Mineirs. By W. H. MbrIPitt, 

M.N.E. Inst. M.E., A.R.S.M., &c With Photographic Plates and other 

Illustrations. Fcap. 8vo, leather. JVir/ 6/0 

" As an instructor of prospectors' classes Mr. Merrltt has the advantaj^e of knowing 
exactly the information likely to be most valuable to the miner in the field. The contents cover 
all the details of sampling and testing gold and silver ores. A useful addition to a prospector's 
)ut,*'—AfiMiti£ yournai. 

THE PR05PECT0R'5 HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal* Bearing or other 
Valuable Minerals. By J. W. Anderson, M.A. (Camb.X F.R.G.S. Ninth 
Exlitt<ML Small crown 8vOi 8/6 cloth ; or, leather .... 4/0 

** Win supply a much-Mt want, espedaOv among Colonists, In whose way are so often thrown 
many minenlogical specimens the ralue of which it is difficult to determine."— ^m^mmt. 

'How to find commercial minerals, and how to identify ^m when they are found, are the 
leading points to iriilch attention is directed. The author has manwed to pack as much practical 
detail mtohto pages as would supply material for a book three times Its siae.'*—Jtfbi<Nie' y!mnimL 

THE METALLURGY OP SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Liziviatton of Silver 

Ores. Including the Assaying, Melting^ and Re&img of Silver Bullion. By 

M. EissLBK, M.Inst. MM. Third Edition. Crown 8vo, doth . 10/6 

** A practical treatise, and a technical work vdiich we are convinced will supply a long-felt 

want amongst practical men, and at the same time be of value to students and otners indirectly 

connected with the industries."— Afi'Mtn^ yifurnal. 

** From first to last the book is thoroughly sound and reiiaUe."— C^^dlrfy GuanUan. 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat* 
ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, with 
Chapters on the Sources of Supply of Copper and the Roasting of Copper Otes. 
By M. EissLBR, M. Inst. M.M. 8vo, cloth. i/ust P%d>lished, Net 1 2/6 

" In this volume the various processes for the extraction of copper by wet methods are fully 
detailed. . . . Costs are given when available, and a great deal of useml infonnation about the 
copper industtv of the world is presented in an interesting and attractive manner. . . . Avery 
welcome addition to the lite rature of copper."— Af^tit'tis- yourttaL 

THE METALLURGY OF ARGENTIFEROUS ^EAD. 

A Practical Treatise on the Smeltingof Silver-Lead Ores and the Refining of 

Lead Bullion. Includin|; Reports on various Smelting Establishments and 

Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 

By M. EissLBR, M. Inst. M.M., Author of "The Metallurgy of Gold," &c. 

Crown 8vo, 400 pp., with 183 Illustrations, cloth 12/6 

" The numerous metallurgical processes, which are fully and extendvely treated of. embrace 
all the stages experienced Ui the passage of the lead firom the various natural states to its Issue from 
the refinery as an article of commerce."— /Vwf Mica/ Engineer. 

METALLIFER0U5 MINERALS AND MINING. 

By D. C. Davibs, F.G.S. Sixth Edition, thoroughly Revised and much 
Enlarged hy his Son, E. Henry Davibs, M.E., Ii\G.S. 600 pp., with 173 
Illustrations. Large crown 8vo, cloth Net 1 2/6 

" Neither the practical miner nor the general reader, interested in mines, can have a better 
book for his companion and his guide."— Aniwm^ youmai. 

" As a history of the present state of mining throughout the world this book has a real value* 
and It supplies an actual want,"~-Atkenintm, 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davibs, F.G.S., Author of " Metalliferous Minerals," &c. Thkd 
Edition, Revised and Enlarged by his Son, £. Hbnrt Davibs, M.E., F.G.S. 

With about zoo Illustrations. Crown 8vo, cloth 1 2/6 

** We do not remember to have met with any English work on mining matters that contains 
the same amount of information packed in equally convenient form,"— Academy. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Futort 
Prospects of Metalliferous Mines in the United Kingdom. By Robbxt 
Hunt, F.R.S., late Keeper of Mining Records. Upwards of 930 pp., with 
330 Illustrations. Second Edition, Revised. Super-Toyal 8vo, doth Js2 2t. 
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POCKET-BOOK FOR MINERS AND METALLURQI5T5. 

Comprising Rules, Formulae, Tables, and Notes for Use in Field and Office 
Work. By F. Danvbrs Powbr, F.G.S., M.E. Second Edition, Corrected. 

Fcap. 8vo, leather 9/0 

" This exceDent book is an admirable example of its kind, and ought to find a huge sale 
amongst EngUsh-spealring prospectors and mining engineers."— ^M^wM^riiM^. 

THE MINER'5 HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested 
in Mining Matters. Compiled by John Milnb, F.R.S., ProfesscMr of Mining 
in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather 7/6 

" Professor MQne's handbook is sure to be receiTed with faTOur by all connected with 
mining, and will be extremely popular among students."— ^jA^m^tum. 

IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kbndall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 1 6/0 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct*Acting Underground Steam 
Pumping Machinery. By Stephen Michell. Second Edition, Re<written 
and Enlarged. With 350 Illustrations. Royal 8vo, cloth. JVitt 25/0 

HORIZONTAL PUMPING ENGINES.— ROTARY AND NON-ROTARY HORIZONTAL 
ENGINES.— SIMPLE AND COMPOUND STEAM PUMPS.— VERTICAL PUMPING ENGINES.— 
ROTARY AND NON-ROTARY VERTICAL ENGINES.- SIMPLE AND COMPOUND STEAM 

PUMPS. — Triple-Expansion Steam Pumps. — Pulsating Steam Pumps. — Pump 
Valves.— SINKING Pumps, &c., &c. 

"This volume contains an immense amount of important and interestingf new matter. 
Tlie book should undoubtedly prove of gnat use to all who wish for information on the sub- 
ject."— 7"A# Ensineer. 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professx of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.I.S1.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University; and Herbert Pbrkin, M.I.M.E., Certified Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo. cloth. 

[Just Published. Net 9/0 

(For SUMMARY OF CONTENTS, see page 23.) 

THE COLLIERY MANAOER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries. 
Designed as a Book of Reference for Colliery Managers, and for Uie Use of Coal 
Mining Students preparing for First-class Certificates. By Caleb Pamblt, 
Mining Engineer and Survejror ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. With 700 Plans, Diagrams, and other Illustrations. 
Fourth Edition, Revised and Enlarged. 964 pp. Medium 8vo, cloth £1 5«. 

GBOLOGY SEARCH FOR COAL.— MINERAL LEASES AND OTHER HOLDINGS.— 

SHAFT Sinking.— Fitting Up the Shaft and Surface Arrangements.— Steam 
Boilers and their Fittings.— Timbering and walling.— Narrow Work and 
Methods of working. — Underground Conveyance. —drainage.— The Gases 
MET with in Mines ; Ventilation. — on the Friction of Air in Mines. — The 
Pribstman Oil Engine ; petroleum and Natural Gas. — Surveying and 
PLANNING.— Safety lamps and Firedamp Detectors.— Sundry and Incidental 
Operations and Appliances.— Colliery Explosions.— Miscellaneous questions 
AND Answers.— ..4//M4AJV; Summary op Report op H.M. Commissioners on 
ACCIDENTS IN Mines. 

" Mr. Pamely's woric is eminently suited to the purpose or which it is intended, beinff clear, 
Intefesting, exhaustiTe, rich in detail, and up to date, giving descriptions of the latest machines in 
every department. A mining engineer could scarcely go wrong who followed this work."— Ctf/Zifro* 
Guardian. 

" Mr. Pamely has not only given us a comprehensive raCeience book of a veiv high order 
suitable to the re<iuirements of mining engineers and colliery managers, but has auo provided 
mining students with a class-book that is as mteresdng as it is instructive. "-rC«/A;(»7 Managtr. 

"This is the most complete 'all-round work on coal-mlning pufaHshed In the Haglisfa 
anguage. ... No Ubnuy of coal-mlnlng books is complete wtthout it" » C 9 liU ry BMgStt$r 
(Scsanton, Pa., U.S.A.). 
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22 CROSBY LOCKWOOD » SON*S CATALOGUE. 
COLLIERY WORKING AND MANAGEMENT. 

Comprising the Duties of a Colliery Maxiager, the Oversight and Arrange* 
ment of Gtbour and Wages, and the different Sjrstems of Working Coal 
Seamk By H. F. Bulman and R. A. S. Rbdmatnb. 350 pp., with 
38 Plates and other Illustrations, including Underground Photographs. 
Medium 8vo, doth. 1 S/0 

"This b, indeed, an adndnble Handbook for ColHenr Manageis, in fact It b an Indispensable 
adjunct to a Colliery Manager's education, as well as beins: a most useful and interestmr worlc 
on the subject for all who in any way hare to do with coal taimng. The undeisfoand pbotogmphs 
ate an attractive feature of the worlc, being Tory lifelike and necessarily true representations of the 
scenes they depict." — CollUty Guardian. 

" Mr. Buknan and Mr. Redmayne, who are both experienced CoIUery Manageis of great 
literary ability, are to be cony^tulated on having supplied an authoiitatlTe work dealimr with a side 
of the subject of coal mining which has hitherto receiTed but scant tiettment. The authors 
elucidate their text by zio wooiocuts and sS pkttes, most of the latter betaig admirable lepvoductions 
of photocnaphs taken underground with the aid of the magnesium flash-light. These illust r atio n s 
are exceuent."— ASa/wne. 

COAL AND COAL MINING. 

By the late Sir Warington W. Smyth, M.A., F.R.S., Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. Eighth Ekiition, Revised 
and Extended by T. Forster Brown, Mining and Civil Engineer, Chi^ 
Inspector of the Mines of the Crown and of the Duchy of Cornwall. Crown 
8vo, cloth. 3/6 

" As an outline is given of eveiv known coal-field in this and other countries, as wdl as of the 

Sbicipal methods of working, the Sook will doubtless interest a very large number of readers. — 
iniMg^ yimrnal. 

NOTES AND PORMULiC FOR MINING STUDENTS. 

By ToHN Hbrman Mxrivalb, M.A., Late Professor of Mining in the Durham 
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 
Enlarged. By H. f. Bulman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6 
' The author has done his work in a creditable manner, and has produced a book that wul 
be of service to students and those who are practically engaged in miniiig operations*"— £»^M»r. 

INFLAMMABLE QAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of>. By Frank Clowbs, D.Sc., Lond., 
F.I.C. With a Chapter on Thb Dbtbction and Mbasurbmbnt op Pbtro- 
LBUM Vapour by Bovbrton Redwood, F.R.S.E., Consulting Adviser to the 
Corporation of London under the Petroleum Acts. Crown 8vo. cloth. N$t 6/0 
" Professor Qowes has given us a volume on a subject of much industrial importance . . . 

Those interested in these matters may be recommended to study this book, which is easy of compre- 

hoision and contains many good things."— TiW Engineer. 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal^ with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Mbadb. 8vo, cloth . . £1 8a. 
**Of this book we may unreservedly say that it is the best of its class which we have ever 

met. ... A book of reference which no one engaged in the iron or coal trades should omit tnta 

his library.'!— /rvM and Coal Trades Review. 

ASBESTOS AND ASBESTIC. 

Their Properties, Occurrence, and Use. By Robbrt H. Jonbs, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collot3rpe Plates and other Illustrations. Demy 8vo, cloth. . 1 6/0 
" An hiteresting and Invaluable froek."—CeUiery Gttardian. 

GRANITES AND OUR GRANITE INDUSTRIES. 

By Gborgb F. Harris, F.G.S. With Illustrations. Crown 8vo, cloth 2/6 

TRAVERSE TABLES. 

For use in Mine Surveying. By William Lihtbrn, C.E. With two plates. 
Small crown 8vo, cloth. [/ust Publis/uti, Ntt 8/0 
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THE ELEMENTS OF ELECTRICAL ENGINEERING. 

A. First Year's Course for Students. By Tyson Sewell, AI.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street, London. With upwards of 200 Illustrations. Demy 8vq, 
cloth. [Just Published. Net 7/6 

ohm's i,aw.— units employed in electrical engineering. -series and 
Parallel Circuits ; Current Density and Potential Drop in the circuit.— 

THE heating effect OF THE ELECTRIC CURRENT.— THE MAGNETIC EFFECT OF AN 
ELECTRIC CURRENT.— The MAGNETISATION OF IRON.— ELECFRO-CHEMISTRY ; PRIMARY 

batteries.— accumulators.— indicating instruments; ammeters, voltmeters, 
Ohmmeters.— Electricity supply Meters.— Measuring instruments, and the 
measurement of electrical resistance. — measurement of potential dlf- 
FERENCE, Capacity, Current Strength, and Permeability.— Arc Lamps.— Incan- 
descent Lamps ; manufacture and installation ; photometry. — The Con- 
tinuous Current Dynamo.— Direct Current Motors. 

"An excellent treatise for students of the elementary facts connected with electrical 
engineering." — The Electrician. 

" Distinctly one of the best books for those commencing the study of electrical engineerins^. 
Everything is explained in simple language which even a begmner cannot fail to understand." — Tne 
Jin£7neer. 

" One welcomes this lx)ok, which is sound in its treatment, and admirably calculated to give 
students the knowledge and information they most require,"— iVa^i/r^. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of C'rcuits, Pole-Line 

Construction, Underground Working, and other Uses. By F. A C. Psrrinb, 

A.M , D.Sc. *, formerly Professor of Electrical Engineering, Leland Stanford, 

Jr., University ; Member American Institute Electrical Engineers. Demy 

8 vo, cloth. [Just Published. Net 201^ 

Conductor Materials— Alloyed Conductors— Manufacture of wire— 

Wire-Finishing— Wire Insulation— cables— Calculation of Circuits— Kelvin's 

Law of Economy in Conductors— Multiple Arc Distribution— Alternating 

CURRENT Calculation— Overhead Lines— Pole Line— Line insulators- Under. 

ground Conductors. 

ARMATURE WINDINGS OF DIRECT CURRENT 

DYNAMOS. 

Extension and Application of a General Winding Rule. By E Arnold, 
Engineer. Assistant Professor in Elect rotechnics and Machine Design at the 
Riga Polytechnic School Translated from the Original German by Francis 
B. De Gress, M.E , Chief of Testing Department, Crocker-Wheeler Com- 
pany. With 146 Illustrations. Medium 8\o, cloth. 

[Just Publishsd. Net 1 2/- 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.LM.E., M.LE.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D Aspinall Parr, M.LE.E., A M.I M.E., 
Associate of the CeDtrtl Technical College, City ai d Guilds of Loncon, Head 
of the Electrical Engineering D.p^rtment, Yorkshire Co lejte, V c oria 
University; and HEvBtiRT Pbfkin, M.I.M E. Certificated C« lliery Manager, 
Assistant Lectu>€r in the Mining Deparimenc of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo, cloth. 

[Just Published. Net 9/- 

Introductory. — Dynamic electricity. — Driving of the dynamo. — The 
Steam Turbine.— Distribution of Electrical Energy.— Starting and Stopping 
Electfrical Generators and Motors.— Electric Cables.— Central Electfrical 
Plants.— Electricity applied to pumping and hauling.— Electricity applied 

TO COAL-CUITING.— TYPICAL ELECTRIC PLANTS RECENTLY ERECTED. — ELECTRIC 
LIGHTINC; BY ARC AND GLOW LaMPS— MiSCELLANEOlTS APPLICATIONS OF ELECTIRICITY. 

—Electricity as compared with other modes of Transmitting Power.— 
pANGERs of Electricity. 



34 CROSBY LOCKWOOD S- SON*S CATALOGUE. 
DYNAMO ELECTRIC MACHINERY: its C0N5TRUC- 

TION, DB5iaN, and OPERATION. 

By Samubl Sheldon, A.M., Ph.D , Professor of Physics and Electrical 
Engineering at the Polytechnic Institute of Brooklyn, assisted by Hobart 
Mason, B.S. 

In two volumes, sold separately, as follows : — 
Vol. I.— DIRECT CURRENT MACHINES. Third EditiDn, Revised. Large 
crown 8vo. 280 pages, with 200 Illustrations. 

[Just Publisk€d, Net 12/0 

Vol. II.— ALTERNATING CURRENT MACHINES. Large crown 8vo. 260 

pages, with 184 Illustrations. {Just PuiiisJUd. iVir/ 12/0 

P^lfirned as Text-books for use in Technical Educational Institutions, and bjr Enfl[ineers 

wbose work includes tho handUnjr of Direct and Alternating Current Machines respectivdy, and 

for Students proficient in mathematics. 

ELECTRICAL AND MAdNETIC CALCULATIONS, 

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
By A. A. Atkinson, Professor of Electricity in Ohio University. Crown 8vo, 
cloth. [Just Published. Net Q/Q 

"To teachers and th^se who already possess a fair knowledge of their subject we can recoin. 
mend this book as boiag useful to consult when requirinff data or formulas which it is neither con- 
venient nor necessary to retain by memory,"— TA^ Hiectrician. 

HANDBOOK FOR THE USE OP ELECTRICIANS 

In the Opsration and Care of Electrical Machinery and Apparatus of the U. S. 
Sea-coast Defences. By Geo. L. Anobrson, A.M., Captain U. S. Artillery 
Prepared under the direc.ion of the Lientenant-General Commanding the 
Army. Royal 8vo, cloth . {Just PublUhtd, Net 21/0 

5UBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in part on WGnschkn* 
dokpf's " Trait6 de Td^graphie Sous-Marine," and Compiled from Authorita- 
tive and Exclusive Sources. By Charlqs Bright, F.R.S.E., A.M.Inst.C.E., 
M.I.E.E. 780 pp., fully Illustrated, including Maps and Folding Plates. 
Ro^ Svo, cloth. Net £3 3s* 

" There are few, if any, persons more fitted to write a treatise on submarine telegraphy than 
Mr. Charles Bright. He has done his worlc admirably, and has written in a way which will 
appeal as much to the layman as to ths engineer. This admirable volume must, for many years to 
come, hold the position of the English classic on submarine ttA/tgnphy."— Engineer. 

"This book is full of information. It makes a book of reference which should be in every 
engineer's Wbrsiry."— Nat tt re. 

" Mr. Bright's interestingly written and admirably illustrated book will meet with a wekome 
reception from cable mea.''—£iearician. 

" The author deals with his subject from all points of view— political and strategical as wdl as 
scientific. The work will be of interest, not only to men of science, but to the general public We 
can strongly recommend it.'^AtMenaum. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Consisting cf Modem Rules, Formulae, Tables, and Data. By H. R. Kbmpb, 
M.I.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
" A Handbook of Electrical Testing," &c. Second Edition, thoroughly 
Revised, with Additions. With numerous Illustrations. Royal samo, oblong, 
leather 6/0 

** It is the best book of its kind."— f ikc/rira/ Engineer. 

" The Electrical Engineer's Pocket-Book is a good oiM,"—ElectrMaM. 

" Strongly recommended to those engaged in the electrical industries."— ^^r/trica/ Review, 

POWER TRANSMITTED BY ELECTRICITY. 

And applied by the Electric Motor, including Electric Railway Construction. 
Bv P. Atkinson, A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown Svo, cloth . . Net 9/0 



DYNAMIC ELECTRICITY AND MAGNETISM. 

Bv Philip Atkinson, A.M., Ph.D.j Author of "Elements of Static 
i^Iectricity," &c Crown Svo, 4x7 pp., with zao lUiisffaiions, cloth . IQ/^ 



ELECTRICITY, ELECTRICAL ENGINEERING, S^. 25 
THE MANAQEMENT OF DYNAM05. 

A Handy ljx>k of Theory and Practice for the Use of Mechanics, Engineers, 

Students, and others in Charge of Dynamos. By G. W. Lummis-Patbrson. 

Third Edition, Revised. Crown 8vo, cloth. [Just Published. 4/6 

" An example which deserves to be taken as a model by other authors. The subject is treated 

In a manner which any intelligent man who is fit to be entrusted with charge of an engine should 

be able to understand. It is a useful book to all who make, tend, or employ electric machinery." 

—Architect. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 
Engineering. Containing upwards of 3,000 definitions. By T. O'Conor 
Sloans, A.M., Ph.D. Third Edition, with Appendix. Crown 8vo, 690 pp., 
390 Illustrations, cloth. [Just Published. Net 7/6 

" The work has many attractive features In it, imd is, beyond doubt, a well put together and 

useful publication. The amount of ground covered may be gathered from the fact that in the index 

about s,ow references will be iowaidJ'—EUctrical RevUm. 

ELECTRIC LIGHT FITTINQ. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
' ' Electric Light," &c . With numerous Illustrations. Third Edition, Revised, 

with Additions Crown 8vo, cloth 5/0 

" This volume deals with the mechanics ot electric lighting, and is addressed to men who 
are already engaged in the work, or are training for it. The work traverses a great deal of ground, 
and mav tie read as a sequel to the author's useful work on ' Electric Light.J "—Electrician. 

"The book is well wor;h the perasal of the workinm, for whon It is 'written. "—£"/^f/A7ira/ 
Reviciv. 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.E. Sixth Edition, Enlarged. Crovm 8vo, cloth. 

7/6 

" The whole ground of electric lighting is more or less covered and explained in a very clear 
and concise VDascR!ei."—EUctricai Review. 

"A vade-mecunt of the salient facts connected with the science of dectric lighting."— 
Electrician, 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians- 

in-Charge. Embracing Framework Buuding, Field Magnet and Armatiure 

Winding and Grouping, Compounding, &c. By J. W. Urquhart. Second 

Edition, Enlarged, with 114 Illuitrations. Crown 8vo, cloth . . 7/6 

" Mr. Urquhart's book is the first one which deals with these matters in such a way that the 

engineering student can understand them. The book is venr readable, and the author leads his 

ren Ian up to diflicult subjects by reasonably simple Xiatit%."—Engi$ieeri»^ Review. 

ELECTRIC 5HIP-LIQHTINQ. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. By J. W. Urquhart, C.E. Second Edition, Revised 
and Extended. With 88 Illustrations, Crown 8vc, doth . . . 7/6 
" The subject of ship electric lighting is one of vast importance, and Mr. Urquhart is to be 

highly complimented for placing such a valuable work at the service of marine electricians."— 7>^ 

Steamship. 

ELECTRIC LIQHTINQ (ELEMENTARY PRINCIPLES OF). 

By A1.AN A. Campbell Swinton, M.Inst.C.E., M.I.E.E. Fourth Edition, 
Revised. With 16 Illustrations. Crown 8vo, cloth 1/6 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Third Edition, Revised. Crown 8vo, wrapper. [J^^t Published. 1 /O 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing Illustrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electric Light. 
By Alfred Crofts. Sixth Edition, Revised. Crown 8vo, cloth . 2/0 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F,R.S. 650 pp., with 470 Illustrations. Crown 8vo, doth. 

9/0 
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ARCHITECTURE, BUILDING, ETC. 



PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Stodents Preparixu; for Examinations, and a Book of 
Reference for Persons Engaged in Building. By John Parnbll Allen, 
Surveyor, Lecturer on Building Construction at tne Durham College of 
Science, Newcastle-on-Tyne. Third Edition, Revised and Enlarged. 
Medium 8vo, 450 pp., with z,ooo Illustrations, cloth .... 7/6 

" The most complete exposition of bufldine construction we hare seen. It contains all that is 
nacessaiy to prepare students for the various examinations in building construction. "—B u i idi ng 
News. 

" The author depends neariy as much on Ills diagrams as on his type. Tlie pages suggest 
the hand of a man of experience m building^ operations— and the Tolume must be a olessing to 
many teachers as well as to students."— T'A^ Architect. 

" The woric is sure to proye a formidable rival to great and smaD competitors aHke, and 
bids fidr to take a permanent puce as a favourite student's text-book. The large number of illus- 
trations deserve particular mention for the great merit they possess for purposes of reference in 
exactly correspondii^ to convenient scales."— y^Mrwo/^/^Mtf Keyal InxtUiUe ^ British Arckiitcts. 

PRACTICAL MASONRY. 

A Guide to (he Art of Stone Cutting. Comprising the Construction, Setting 
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden- 
tives, Vaults, Tracery Windows, &c. For the Use of Students, Masons, 
and other Workmen. By William R. Purchase, Building Inspector to the 
Borough of Hove. Third Edition, with Glossary of Terms. Royal 8vo, 142 pp., 
with 53 Lith(^aphic Plates, comprising 400 separate Diagrams, cloth . 7/6 

" Mr. Purchase's ' Practical Masoniv ' will undoubtedly be found useful to all interested in 
this important subject, whether theoreticauy or practically. Most of the examples given are from 
actual work carried out, the diagframs being carefully drawn. The book is a practical treatise on 
the subject, the author himself haviiupcommenced as an operative mason, and afterwards acted as 
foreman mason on many large anoimportant biiildinsis prior to the attainment of his present 
position. It should be found of general utility to architecttural students and others, as well as to 
those to whom it is specially addressed."— y^MTMa/ q^the Royal InstihUe ^British ArchiUctt. 

MODERN PLUMBING, STEAM AND HOT WATER 

HBATINQ. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. T. Lawler, Author of " American Sanitary Plumbing," 
&c. With 284 Illustrations and Folding Plates. 4to, cloth Net 21/'- 

CONCRETE: ITS NATURE AND USES. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
George L. Sutclipfb, A.R.I.B.A. 350 pp., with Illustrations. Crown 
8vo, cloth 7/6 

" The author treats a difficult subject in a lucid manner. The manual fills a long-fiBit gap. 
It is careful and exhaustive ; equally useful as a student's guide and an architect^ book of 
reference."— 7(0MrMa/ o/the Royal Institttte 0/ British Architects, 

LOCKWOOD'S BUILDER'S PRICE BOOK for 1903. 

A Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re-constructed, Re-written, and 
Greatly Enlarged. By Francis T. W. Miller. 800 closely-printed pages, 
crown 8vo, cloth 4/0 

" This book is a verv useful one, and should find a place in every Pnglish odke connected 
with the buikUnfi^ and eiwuieerinff ^itsAit/sAaos."— 'Industries. 

" An excellent book of reference." — Architect, 

" In its new and revised form this Price Book is what a work of this kind should be— compre- 
hensive, rdiable, well arranged, legible, and well bound.'— ^fiMrA ArthUect, 

DECORATIVE PART OP CIVIL ARCHITECTURE. 

By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination op Grecian Architecture, by Joseph Gwilt, F.S.A. 
Revised and Edited by W. H. Levds. 66 Plates, 4to, cloth « .21/0 
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THE MECHANICS OP ARCHITECTURE. 




*' The book is a very useful and helpful manual of architectural mechaxdcs." ^Bui/der. 



A HANDY BOOK OP VILLA ARCHITECTURE. 

Beinp; a Series of Designs for Villa Residences in various Styles. With 
Outline Specifications and* Estimates. By C. Wickbs, Architect, Author of 
"The Spires and Towers of England," &c. 6x Plates, 4to, half>morocco, gilt 

edges £1 lis. 6d. 

" The whole of the designs bear evidence of their bdng the work of an artistic architect, and 
they will prove very valuable and suggestive."— /^m^ZAmj;' J^^^s, 

THE ARCHITECT'S GUIDE. 

Being a Text«book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c., &c. By F. Rogbrs. Crown 8vo, cloth. 

3/6 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Third Edition. 8vo, boards [Just Published. 3/6 

** It is the most intelligible of the treatises on this ill-treated subject that I have met with."— 
E. INGRESS BBLL, ESQ.. ui the R.I.S.A. youmai. 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By Oborgb 
PvNB. 14 Plates, 4to, boards 7/6 

MEASURING AND VALUING ARTIFICERS' WORK 

Slie Student's Guide to the Practice oO. Containing Directions for taking 
imensions. Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 
63 Woodcuts. Crown 8vo, cloth 7/6 

** This edition will be found the most complete treatise on the principles of measuring and 
valuing artificers' work that has yet been published."— ^Mt/c^^M^ News. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Bbaton. Ninth Edition. Waistcoat-pocket size, 

giltedges 1/6 

"No builder, architect, tunrejror, or Taluer should be without his 'Beaton. "'-^«<2kl6(f' Ntws. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Building Upon the Basis of the 
Work by Alfrbd Bartholomew, thoroughly Revised, Onrected, and greatly 
added to by Frbobrick Rogbrs, Architect. Third Edition, Revised. 8vo, 

cloth 15/0 

" The work is too well known to need any recommendation from us. It is one of the books 
with which every young architect must be equipped."— t^reUtact. 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build, Alter, or Repair? A Price Book fx Un- 
professional People as well as the Architectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Millbr, A.R.I.B.A. Fifth Edition. 

Carefully Revised. Crown 8vo, cloth Net 8/6 

" In two years it will repay its cost a himdred times oret"—Fi<kt. 
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SANITATION AND WATER SUPPLY. 



THE HEALTH OFFICER'5 POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. WiLLOUGHBV, M.D. (Lond.), &c. Second Edition, Revised and Enlarged. 
Fcap. 8vo, leather. . [Just Published. Net 10/6 

" It is a mine of condensed informntion of a pertinent and useful kind on the various subjects 
of which it treats. The different suiyects arc succinctly but fully and scientifically dealt with."— 
The Lancet. 

" We recommend all those engrasfid in practical sanitary work to furnish themselves with a 
copy for reference." — Sanitary yournat. 

THE BACTERIAL PURIFICATION OF 5EWAQE: 

Being a Practical Account of the Various Modern Biological Methods of 
Purifying Sewage. By Sidney Barwisr, M.D. (Lond), D.P.H. (Camb.), 
etc. With lo Page Plates and 2 Folding Diagrams. Royal 8vo, cloth. 

J^ei 6/0 

THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidney Barwisb, M.D. (Lond.X M.R.C.S., 
D.P.H. (Camb.), Fellow of the Sanitary Institute. Medical Officer of Health 
to the Derbyshire Cotinty Council. Crown 8vo, cloth. .... 5/0 

WATER AND IT5 PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Ridbal, D.Sc. Lond.,^ F.LC. Second 
Edition, Revised, with Aaditions, including numerous Illustrations and Tables. 
Large Crown 8vo, cloth Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 
works for Small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 
andW. T. Curry, A.M.I.C.E. Revised Edition. Crown Svo, cloth 6/0 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half* 
bound morocco. (See page 11.) Net JS6 68. 

THE WATER SUPPLY OF TOWNS AND THE CON- 

STRUCTION OF WATER-WORIC5. 

By Profbssor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 
and Extended. Royal Svo, cloth. (See page xo ) . . . £1 6s. 



WATER ENQINEERINQ. 

A Practical Treatise on the Me 

tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. C.E. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charlbs Slagg, A. M. Inst. CE. Crown Svo, cloth . . S/O 



A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa* 

- - ' -- - - - At. Ie -- - 



PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BuCHAN. Ninth Edition, Enlarged, with 500 Illustrations. Crown Svo, 3/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P. 
BucHAN, R.P. Crown Svo, doth 8/6 
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CARPENTRY, TIMBER, ETC. 



THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Buildmg ; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Trbdgold, C.£. 
Witn an Appendix of Specimens of Various Roofs of Iron and Stone, IIlus* 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. Wyndham Tarn, M.A., Author of "The Science of Building," &c 
With 6x Plates, Portrait of the Author, and several Woodcuts. In One large 

Vol., 4to, cloth £1 68. 

" Ougtit to be In every architect's and every builder's Vn>nxy."— Builder. 

"A worlc whose monumental excellence must commend it wherever skUful carpentry is 

concerned. The author's principles are rather confirmed than impaired by time. The additional 

plates are of great intrinsic Yahi»."—BM4ldintr News, 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Management of Saw 

Mills and the Economical Conversion of Timber. Illustrated with Examples 

of Recent Designs by leading English, French, and American Engineers. Bv 

M. Powis Balb, A.M.Inst.C.£., M.I.M.E. Second Edition, Revised, 

with large Additions, large crown 8vo, 440 pp., cloth .... d/0 

" Mr. Bale is evidentlv an expert on the subject, and he has collected so much informatioa 

that his book is aU-sufficient for builders and others eng^aged in the conversion of timber."— ^rvAtiSrc^ 

"The most comprehensive compendium of wood*workin|f machinery we liave seta. The 

. author is a thorough master of his subject "Suiiding Newt. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion ci 
Timber. By M. Powis Bale, A.M.Inst.C.£. Second Edition, Revised. 
Crown 8vo, cloth 1 0/6 

" The administraMon of a large sawlngr establishment is discussed, and the subject examined 
firom a financial standpoint. Hence the size, shape, order, and disposition of saw mills and the like 
are gone into in detail, and the course of the timber is traced from its reception to its delivery in its 
converted state. We could not desire a more complete or practical txeaiiaa." -'Builder, 

THE CARPENTER'S GUIDE. 

Or, Book of Lines, for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Pbtbr 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitbl, 
F.S.A. Together with Practical Rules on Drawing, by Gborgb Pynb. 
With 74 Plates, 4to, cloth £1 1 s. 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By^ Gborgb 
CoLLiNGS. Second Edition, Revised and Eidareedj to which is added 
A Trbatisb on Stair-building. With Plates and Diagrams. z2mo, cloth. 

2/6 

" Win be found of practical utility in the execution of this difficult branch of Joinery."— ^wt^tfer. 
** Almost every difficult phase of this somewhat intricate branch of Joinery is elucidated by 
the aid of plates and explanatory ]iiAXVK^iasA."— Furniture Geueette, 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
Gborgb Colungs. With Diagrams. Third Edition, lamo, cloth . 2/6 

" An excellent example of what a book of this Idnd should be. Cheap in price, dear in 
tiefinltion, and practical ih the examples ne^ecXj^"— Builder, 

THE CABINET*MAKER'5 GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

l3y Richard Bitmbad. Illustrated with Plans, Sections and Working 
Drawings. Cirown 8vo, cloth » 2/6 
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HANDRAILINO COMPLETE IN EIGHT LESSONS. 

On the S(|aare-Ciit Svttmii. By J. S. GoLnTROK?, Teacher of Geometry 
and Buildiog Construction at the Mlifaz Mechanics' Institute. With Bi«fat 
Plates and over 150 Practical Exercises. 4to, cloth .... 8/6 

" Likely to be of coniidenbla value to Jotaien and oCheis wlio take a pride In good voik. 
Tht ammgement of the book te e ac ePen t . We keaitiljr rommend it to teachew and students. "« 
TU mttr rrtuUs ypunutL 

TIMBER MERCHANTS and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 
ment of Deals and Battens, of all sixes, and other Useful Taoles for the use of 
Timber Merchants and Builders. By William Dowsing. Fourth Edition, 
Revised and Corrected. Crown 8vo, cloth 8/0 

"We are glad to see a fourth edition of ttieie admirable tables, wbfch for conectaess and 
almplidty of arrangement leave nothing to be derired."— TVmArr Trades ypummL 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surveyors, Btailden. ftc, 
compisinK useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks cm the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 

" This handy manual contains much valuable information for the use of timber merchants, 
builden, foresters, and all othen connected trith the growth, lale, and mamifactuie of timber."— 
yoHmai ^ Forestry, 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
mches square and upwards. By W. Richardson, Timber Broker. Third 
Edition. Oblong 4to, cloth 3/6 

" Invaluable labour-aavlng taUes."— Avmmmm^vt. 

*' Will save much labour and calculation. "—(rrM'^r. 

aUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from x to aoo inches in length by z to zo6 inches in breadth. 

For the use of Architects, Surveyors, Engmeers, Timber Merchants, 

Builders, &c. By Jambs Hawkings. Fifth Edition. Fcap., cloth. 8/6 

** These tables will be found of srreat assUtance to all who require to make calculations In 
superficial measurement."— 'An^///A Mechanic. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charlbs B. Curtis, 
F.S.I. , Professor of Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 
RevisM. Crown 8vo, cloth . 3/6 

Prefatory Remarks. — Objects of planting. — Choice op a Forester. — 
Choice op Soil and Site.— Laying Out op Land for plantations.— Preparation 
op THE Ground for planting.— Drainage.— Planting.— Distances and Distri- 
bution OP Trees in Plantations.— trees and Ground Game.— Attention after 

PLANTING.— thinning OP PLANTATIONS. — PRUNING OP FOREST TREES.— REALIZATION. 
—METHODS OF SALE.— MEASUREMENT OP TIMBER.— MEASUREMENT AND VALUATION 

OF Larch plantation.— fire Lines.— Cost op planting. 

" Mr. Curtis has in the course of a series of short pithy chapters afforded much Informa- 
tion of a useful and practical character on the planting and subsequent treatment of trees."— 
Illustrated Carpenter and Builder, 

THE ELEMENTS OP FORESTRY. 

Designed to afford Information concemin|; the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth 1 0/O 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BUILDBR'S STANDARD QUIDB. 

By Richard E. Grandy. Comprising:— An Analysis of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate Exi>enses, Freight, Insurance, &c. ; together with copious Informa* 
tion for the Retailer and Builder. Third Kditioo, Revised, xemo, cloth QIO 

" Kverythin^ it pretends to be : built up gradually, it lends one from a forest to a treenail, and 
throws in, as a makeweight, a host of material concerning bricks, columns, cisterns, Sic."-~IiHg'lish 
Mechanic, 
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DECORATIVE ARTS, ETC. 



SCHOOL OP PAINTING POR THB IMITATION OP 

WOODS AND MARBLBS. 

As Tanght and Practised by A. R. Van dbr Burg and P. Van der Burg, 
Directors of the Rotterdam Painting Institution. Royal folio, i8§ by 12^ in., 
Illustrated with 34 full-size Coloured Plates ; also 13 plain Plates, comprising 
iS4Figiu:es. Fourth Edition , cloth . {Just Published. Net ^"X Sg. 

List of Plates. 
X. Various Tools rbquirbd for wood painting.— a, 3. walnut; preliminary 
Stages op Graining and Finished specimen. — 4. Tools Used for Marble 
Painting and Method of Manipulation.— 5, & St. Remi Marble; Earlier 
Operations and Finished Specimen. — 7. methods of Sketching Different 
GRAINS, Knots, &c.— «, 9. ash: preliminary Stages and Finished speci- 
men. — 10. Methods of Sketching Marble Grains. — », zs. Brbche marble ; 
Preliminary stages op working and Finished specimen.— 13. Maple ; Methods 
OF producing the Different Grains.— 14, 15. Bird's-Eye Maple; preliminary 
Stages and Finished Specimen.— x6. Methods of Sketching the Different 
Species of White Marble.— 17, z& White Marble ; preliminary Stages of 
Process and Finished specimen.— 19. Mahogany; specimens of Various Grains 

AND methods of MANIPULATION. —90. ax. MAHOGANY ; EARLIER STAGES AND 

Finished specimen.— oa, 33. 34. Sienna Marble; Varieties of Grain, preliminary 
STAGES and Finished Specimen.— as, a6, v/. Juniper wood; Methods of Pro- 
ducing Grain, &c. ; preliminary stages and Finished Specimen.-^ ao, 30. Vert 
DE MER Marble; Varieties of Grain and Methods of Working, unfinished 
and Finished Specimens.— 31, 33, ^ Oak ; Varieties of Grain, tools employed 
AND Methods of Manipulation, Preliminary Stages and Finished Specimen.— 

t I, 35, 36. waulsort Marble; Varieties of grain, unfinished and Finished 
PBCIMENS. 

" Those who desire to attafai skill in the ait of painting woods and marbles will find advantage 
in consulting this book. . . . Some of the Woiking Men's Qubs should give their young men 
the opportunity to study \t."—Buiider. 

" A comprehensive guide to the art. The explanations of the processes, the manipulation 
and management of the colours, and the beautifully executed plates will not be the least valuable to 
the student who aims at making his work a fkithfiil transcript of nature."— ^mE^^^^ News, 

" Students and novices are fortunate wlio are able to become the possessors of so noble a 
work."— rA< AreMttet. 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. Bv Jambs W. Facey. With numerous Illus- 
trations. In One Vol., strongly half-hound SIQ 

H0U5E PAINTING, QRAININQ, 2VIARBUNQ, AND 

SIGN WRITINQ. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 

Coloured Plates and Wood Engravings. Crown 8vo, cloth . . . 6/0 

" A mass of information of use to the amateur and of value to the practical man."— ^mj^ AirA 
MecHanie, 

THE DECORATOR'S ASSISTANT. 

A^ Modem Guide for^ Decorative Artbts and Amateurs, Painters, Writers, 
Gilders, &c Containing upwards of 600 Receipts, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
Interior and Exterior Decorations, &c Seventh Edition. Cr. 8vo . 1 /O 
" Full of receipts of value to decorators, painters, gOders, &c. The book contains the gist of 

larger treatises on colour and technical processes. It would be diificuit to meet with a work so full 

of varied information on the painter's an,"—ButJtliHe News. 

MARBLE DECORATION 

And the Terminol<^7 of Britbh and Foreign Marbles. A Handbook for 
Students. By Georgb H. Blagrovs, Author of " Shoring and its Applica< 
tion," &c. With 28 Illustrations. Crown 8vo, cloth .... 3/6 

"This most useAil and much wanted handbook shoukl be in the hands of evenr architect and 
builder."— BtMtUtttr ff^erUt. 

"A carefully and usefully written treatise ; the work is essentially practicaL"— 5<vl!r»Mm. 
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DELAM0TTE8 WORKS ON ILLUMINATION AND 

ALPHABETS. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDliCVAL. 

From the Eighth Century, with Nnmerals; including Gothic, Chorch-Text, 
large and small, German, Italian, Arabesque, Imtials for Illumination, 
Monograms, Crosses. &c., sc, for the use of Architectural and Engineering 
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c. Collected and Engraved by F. Dbulmottb, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, oblong, 
ornamental boards 2/6 

** For those who insert enamelled sentences round g[ilded chalkes, who blazon shop legends 
onsr shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be 
ttaiefuL''—Atk€Maum. 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
witli several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small,^ and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. Collected and Engraved by F. Delamottk, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards 2/6 

" There Is comprised in it every possible shape into which the letters of the alphabet and 
numerals can be formed, and the talent which has been expended in the conception of the various 
plain and ornamental letters is wonda(uL"^Standard. 

MEDIAEVAL ALPHABETS AND INITIALS. 

By F. G. Delamottk. Containii g ax Plates and Illuminated Title, printed 

in Gold and Colours. With an Introduction by J. Willis Bkook.s. Fifrh 

Edition. Small 4to, ornamental boards iW/ 5/0 

"A volume in which the letters of the alphabet come forth glorified in gilding and all the 
coloucs of the prism interwoven and intertwined and intermingled, "-own. 

A PRIMER OP THE ART OP ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
minted in Gold and Colours. By F. Delamottk. New and Cheaper 
Edition. Small 4to, ornamental boards ■ 6/0 

" The examples of ancient MSS. reqommended to the student, which, with much good sense, 
the author chooses from^collections accessible to all, are selected with Judgment and knowledge as 
well as taste."— ^MeyurMM. 

THE EMBROIDERER'S BOOK OP DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Mediaeval and Modern Alphabets, and National 
Emblems. Collected by F. Delamottk, and printed in Colours. Oblong 

royal 8vo, ornamental wrapper Nt'i 2.0 

" The book will be of great assistance to ladies and young children who are endowed with 
the art of plying the needle in this most ornamental and useful pretty irork."'-£ast AM^Han n$n*s. 



WOOD-CARVINQ FOR AMATEURS. 

With Hints on Design. By A Lady. With xo Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 ' 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt from * A 
Lady's ' publication."— ^iA^mrMiM. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including : 

Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, • 

Miniature, Pamting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth 
Edition. Crown 8vo, cloth 5/0 

*«* AdopUd as a PHmm Booh at South KtnswgUm. 

" Much may be learned, even by those who fancy they do not require to be taught, from the 
careful perusal of this unpretending but comprehensive treatise."— ^rr JoumaL 
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NATURAL SCIENCE, ETC. 



THE VISIBLE UNIVERSE. 

Chapters on the Orisin and Constroction of the Heavens. By J. B. Gors, 
F.R.A.S., Author of" Star Groups," &c. Illustrated by 6 Stellar Photographs 
and la Plates. Demy 8vo, cloth 1 6/0 

STAR GROUPS. 

A Student's Guide to the Constellations. By J. Ellard Gork, F.R.A.S., 
M.R.I.A.. &c., Author of "The Visible Universe," "The Scenery of the 
Heavens, &c. With 30 Maps. Small 4to, cloth 5/0 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interestine Celestial Objects. By J. Ellard Gorb, 
F.R.A.S., Author of " The Visible Universe," &c Small crown 8vo, cloth. 

THE MICROSCOPE. 

Its Construction and Management. Including Technique, Photo-micrography, 
and the Past and Future of the Microscope. By Dr. Hbnri van Hburck. 
Re>Edited and Augmented from the Fourth French Ekiition, and Translate 
by WvNNB E. Baxtbr, F.G.S. Imp. 8vo, cloth .... 1 8/0 

A MANUAL OP THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Rbcbnt and Fossil Conchological 
DiscovBRiBS, bv Ralph Tatb, A.L.S., F.G.S. With 93 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (x88o). Crown 8vo, 
cloth 7/6 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 
By G. W. V. lb Vaux. 8vo, cloth 6/0 

LARDNER'S HANDBOOKS OF SCIENCE. 
HANDBOOK OP MECHANICS. 

Enlarged and re-written by B. Lobwt, F.R.A.S. Post Svo, cloth . 6/0 

HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. Lobwv, F.R.A.S. Post Svo, cloth . 6/0 

HANDBOOK OP HEAT. 

Edited and re-written by B. Lobwt, F.R.A.S. Post Svo, cloth . 6/0 

HANDBOOK OP OPTICS. 

New Edition. Edited by T. Olvbr Harding, B. A. Small Svo, cloth 6/0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by Gbo. C. Fostbr, B.A. Small Svo, cloth .... 6/0 

HANDBOOK OP ASTRONOMY. 

Revised and Edited by Edwin DuNKiN, F.R.A.S. Svo, cloth . . 0/6 

MUSEUM OP SCIENCE AND ART. 

With upwards of x,9oo Engravings. In Six Double Volumes, £1 1 «. Cloth, 
or half-morocco £1 lis. 60. 

NATURAL PHILOSOPHY POR SCHOOLS . . 3/6 
ANIMAL PHYSIOLOGY POR SCHOOLS . 3/6 

THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bright, F.R.A.S. Fcap. Svo cloth . 2/6 

L. c 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

Ry A. C. Wright. M A.Oxon , B.Sc Lond , formerly Assistant Lecturer in 
Chemistry at the Yorkshire College, Leeds, and Lecturer in Chemistry at the 
Hull Technical School. Demy 8vo, cbih. [Just Published. Net g/Q 

THE QA5 ENGINEER'S POCKET-BOOK. 

Comprising Tables, Notes and Memoranda relating to the Manufoctnre, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'CoNNOK, A.M.Inst.C.E. Second Edition, Revised. 470 pp , crown 8vo, 
fully Illustrated, leather 1 0/6 

"The book contains a vast amount of informatUm. The author eoes consecutively throusfh 
the engineering details and practical methods involved in each of the different processes or ports 
of a gas-works. He has certainly succeeded in making a compilation of hard matters of fact 
absolutely interesting to read.''^^raf IVorld. 

" A useful work of reference for the gas engineer and all interested in lighting or heating by 

5 as, while the analyses of the various descriptions of gas will be of value to the technical chemist 
lU matter in any way connected with the manufacture and use of gas is dealt with. The book has 
evidently been careniUy compiled, and certainly constitutes a useful addition to gas literature."— 
Builder. 

" The volume contains a great quantity of specialised information, compiled, we beUeve, from 
trustworthy sources, which should make it of considerable value to those for whom it is specifically 
produced. —JS'm^''*''''- 

LIQHTINQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.E. 
With 66 Illustrations. Crown 8vo, cloth , 7/6 

ENQINEERINQ CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters, Iron Founders, Students and others. Comprising Methods of Analy^ 
and Valuation of the Principal Materials used in Engmeering Work, with 
numerous Analyses, Examples and Suggestions. By H. Joshua Phillips, 
F.I.C.. F.C.S. Third Edition, Revised and Enlarged. Crown 8vo, 420 pp., 
with Plates and other Illustrations, cloth. [Just Published. Net 'XQJQ 

" In thto work the author has rendered no small service to a numerous body of practical 
men. . . . The analytical methods may be pronounced most satisfactory, being as accurate as the 
despatch required of engineering chemists permits."— CA«m<ea/ News. 

"The analytical methods given are, as a whole, such as are likely to give rapid and trust- 
worthy results in experienced hands. . . . There is much excellent descriptive matter in the work, 
the cupter on * Oils and Lubrication ' being specially noticeable in this respect."— f^v^teMr. 

NiTR0-EXPL05IVE5. 

A Practical Treatise concerning the Properties, Manufacture, and Analj^is 
of Nitrated Substances, including the Fulminates, Smokeless Powders, and 
Celluloid. By P. G bra ld Sanford, F. I . C. , Consulting Chemist to the Cotton 
Powder Company, Limited, &c. With Illustrations. Crown 8vo, cloth. 9/0 

"One of the very few text -books in which can be found Just what is wanted. Mr. Sanford 
goes steadily through the whole list of explosives commonly used, he names any given explosive, 
and tells us of what It is composed and how it is manufactured. The book is excellent throughout" 
—The Sneineer. 

A HANDBOOK ON MODERN EXPL05IVE5. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 

Nitro-Glycerine and other Explosive Compounds, includmg Collodion-Cotton. 

With Chapters on Explosives in Practical Application. By M. Eissler, M.E. 

Second Edition, Enlarged. Crown 8vo, cloth 1 2/6 

" A veritable mine of informatisn on the subject of ex^Ioiives employed for military, mining 
ard blasting purposts. '—Army and Navy Gazette. 

DANQER0U5 Q00D5. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom. A Gui<M for the Use of 
Government and Railway Officials, Steamship Owners, &c. By H. Joshua 
Phillips, F.I.C, F.C.S. Crown 8vo, 374 pp., cloth .... Q/Q 
" Merits ■ wide drculatioD, and an Intelligent, appredatiTe study.*— CA«Mrfk»/i\rnvj 
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A MANUAL OF THE ALKALI TRADB. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With 23a Illustrations 
and Working Drawings, Second Edition, with Additions. Super-royal 8vo, 
c»otl» £1 10«. 

" We find not merely a sound and luminous explanation of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearing on the successftil 
conduct of alkali works, but which are generally overlooked by even experienced technoloeical 
teaXhors."--CA€micai JReview, , i~. « 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc. 

Containing all known Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . 6/0 

" The student who goes conscientiously through the course of experimentation here laid down 
will gain a better insight into inorganic chemistry and mineralogy than if he had * got up ' any of the 
best text-boolcs of the day, and passed any number of examinations m their conteats —C/iemuai 

THE MANUAL OF COLOURS AND DYE-WARE5. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 
Fot the Use_ of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

" There is no other work which covers precisely the same ground. To students preparing 
for examinations in dyeing and printing it will prove exceedingly yxs/e^L"— Chemical News. 

A HANDY BOOK FOR BREWERS. 

Beine a Practical Guide to the Art of Brewing and Malting. Embracing the 
Conclusions of Modem Research which bear upon the Practice of Brewing. 
By Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 
8vo, 530 pp., cloth ......... 12/6 

" May be consulted with advantage by the student who is preparing himself for examinational 
tests, while the scientific brewer will find in it a risunti of all the most important discoveries of 
modem times. The work is written throughout in a clear and concise manner, and the authof 
takes great care to discriminate between vague theories and weil-established facts, —Brewer^ 
yotimaL 

" We have great pleasure in recomn^ending this handy book, and have no hesitation in saying 
that it is one of the best— if not the best— which has yet been written on the subject of beer-brewing 
in this country ; it should have a place on the shelves of every brewer's library,"— ^^vnwv' 
Guardiain. 

" Although the requirements of the student are primarily considered, an acquaintance of half. 
an-hour's duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practical counsellor in brewery matters."— CAemioi/ Trade journal, 

FUEL5: SOLID, LIQUID, AND QA5E0U5. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 

H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 

G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0 

" Ought to have its place in the laboratory of every metallu^ical establishment and wherever 
iitel is used on a large scale."— CA<m»ea/ Ntivs. 

THE ARTISTS' MANUAL OF PIGMENTS, 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, &c., with Tests of Purity. By H. C. Standagb. Third 
Edition. Crown 8vo, cloth 2/6 

" This work is indeed muUunt-in-parvo, and we can, with good conscience, recommend it to 
all who come in contact with pigments, whether as makers, dealers, or vsitxi."'— Chemical Review, 

A POCKET-BOOK OF MENSURATION AND QAUQINQ. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. x8mo, leather 4>/0 

** Should be in the hands of every practical brewer."— .firrwerx' 3^cumai. 

c a 
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INDUSTRIAL ARTS, TRADES, AND 

MANUFACTURES. 



TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 
A. J. Wallis-Tavlrr, A. M. Inst. C.E. Medium 8vo, 468 pp. With 918 

Illustrations ATcf 26/0 

summary op contenl-s. 
Mechanical Cultivation or Tillage op the Soil.— plucking or Gathering 
THE Leaf.— Tea Factories.— The Dressing. Manupacture, or preparation 
op Tea by Mechanical Means. — Artificial Withering op the Leaf.— 
Machines for Rolling or Curling the Leap.— Fermenting process. — 
Machines for the automatic Drying or Firing op the Leaf.— Machines for 
Non-Automatic Drying or Firing of the Leap.— Drying or Firing Machines. 
—Breaking or Cutting, and sorting Machines.— Packing the tea.- Means 
OF Transport on Tea Plantations.— Miscellaneous Machinery and Apparatus. 
—Final Treatment of the Tea.— Tables and Memoranda. 

"The subject of tea machinery is now one of the first interest to a large class of people, to 
whom we strongly commend the yolvmM."—C/iatnd€r o/'Cefftmerce ^aumal, 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universaL This volume contains a very fuU account of the 
machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machinery."— 7<'Mma/ Society of Arts. 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Fribdrich Kick, Imperial 
R^ierun^srath, Professor of Mechanical Technology in the Imperial German 
Poljrtechnic Institute, Prague. Translated from Uie Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powlbs, Assoc. Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 38 Folding 
Plates, and 167 Woodcuts. Ro]ral 8vo, cloth £1 6t. 

" This invaluable work is, and will remain, the standard authority on the science of milling. . . . 
The miller who has read and digested this woric will have laid the foundation, so to qieak, of a 
successful career ; he will have acquired a number of general principles which he can proceed to 
'PP^T' In this handsome volume we at last have the accepted text-book of modem milling in good, 
seund Endish. whk:h has Httle. If any. trace of the Gwrnan iHiom."— 7>b« MiUtr. 

** The appearance of this celebrated work in Entplish is very opportune, and British millers 
will, we are sure, not be slow in availing themselves of its pages."— J/i7/erj' Gazette. 

COTTON MANUFACTURE, 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendlettm. Svo, cloth . . 7/6 

"This invaluable volume is a distinct advance fax the literature of cotton manu&cture."— 
MacMntry. 

"It is thoroughly reliable, ftilfilling nearly all the requirements desired." — GUugerw Herald. 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. J. Wallis* 
Tavlbr, a. M. Inst. C. E., Author of " Refrigerating Machinery, '"^ftc. With 
upwards of 300 Illustrations. Crown Svo, cloth 1 0/6 

"The large trade that is done in the component parts of bicycles has placed in the wmt of 
men mechanically inclined extraordinary facilities for building bicycles for their own use. . . . Tlie 
book will prove a valuable guide for all those who aspire to the manufacture or repair ot thieiff owa 
machines. '^-rA/ Field. 

" A most comprehendve and up-to-date tieatiae.''— 77u Cycle. 

"A very useful book, which is quite entitled to rank as a standard work for students of cycle 
constructioo. "— JVheeling^. 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A. J. Wallis-Taylbr, Assoc. Memb. Inst. C.E., Author of "Modern 

Cycles," &c. sis pp., with 76 Illustrations. Crow n Svo, cloth . . 4/6 

" The book is clearly expressed throughout, and is just the soit of work that an engineer, 
thinking of turning his attention to motcr*carriage work, would do well to read as a preliminary to- 
startimr operations."— if ;i;cz»«^n>(fv 
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PRACTICAL TANNING. 

A Handbook of Modern Procesess and Receipts for the Treatment of Hides, 
Skins, and Pelts of every Description. By L. A. Flemming, Practical Tanner. 
Upwards of 400 p^ges. 8vo, cloth. [Just Published. iV>/ 26/0 

THE ART OF LEATHER MANUFACTURE. 

Being a Practical Handbook, in which the Operations of Tanning, Carrying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Exj^lained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannm, and a Description of the Arts of Glue Boiling, Gu 
Dressing, &c By Alexander Watt. Fourth Edition. Crown 8vo, cloth. 

9/0 

" A sound,. comprehensive treatise on tannine and its accessories. The boolc is an eminently 
valuable production, which redounds to the credit of t>oth author and publishers.'— CA«m&»/ 
Review, 

THE ART OF 50AP-MAKINQ. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recoverjr of 
Glycerine from Waste Leys. By Alexander Watt. Sixth Edition, 
including an Appendix on Modem Candlemaking. Crown 8vo, cloth . 7/d 

"The work will prove very useful, not merely to the technological student, but to the 
practical soap boiler who wishes to understand the theory of his art." — Che-mical News. 

" A thorougrhly practical treatise. We congratulate the author on the success of his endeavour 
to fill a void in Engush technical literature."— Aa/Mr<. 

PRACTICAL PAPER-MAKINQ. 

A Manual for Paper-Makers and OMmers and Managers of Paper-Milb. With 
Tables, Calculations, &c. By G. Clapperton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 5/0 

" The author caters for the requirements of responsible mill hands, apprentices, &c., whilst 
his manual will be found ofgreat service to students of technology, as well as to veteran ^per- 
makers and mill owners. The illustrations form an excellent feature. "^7)^ World's Paper Trade 
Review. 

THE ART OF PAPER-MAKINQ. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances used. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Watt. With Illustrations. Crown Svo, cloth . . 7/6 

" It may be regarded as the standard work on the subject. The book is full of valuable 
information. The ' Art of Paper-Making ' is in every respect a model of a text-book, either for a 
technical class, or for the private student "—Ax/^r and Printing Trades youmal. 

A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth 3/6 

CBMENT5, PA5TE5, QLUE5, AND 0UM5. 

A Practical Guide to the Manufacture and Application of the various Aggluti' 
nants required in the Building, Metal- Working, Wood- Working, and Leather- 
Working Trades, and for Workshop and Office Use. With upwards of 900 
Recipes. By H. C. Standagb. Third Edition. Crown Svo, cloth . 2/0 

"We have pleasure in speaking favourablsr of this volume. So far as we have had 
experience, which is not inconsiderable, this manual is Xx\xsXyrortiiy."—AthenaufH, 

THE CABINET-MAKER'S GUIDE 

TO THB BNTIRB CONSTRUCTION OF CABINET WORK. 

Including Veneering, Marquetiie, Buhlwork, Mosaic, Inlaying, &c. By 
Richard Bitmbad. Illustrated with Plans, Sections, and Working Drawings. 
Small crown Svo, cloth 2/6 

FRENCH POLISHING AND ENAMELLING. 

A Practical Work of Instruction. Including Numerous Recipes for making 
Polishes, Varnishes, Glaze-Lacquers, Revivers, &c. By Richard Bitmead, 
Author of "The Cabinet-Maker's Guide." Small crown 8vd, cloth . 1/6 



CROSBY LOCKWOOD &■ SON'S CATALOGUE. 



M0DEIU4 HOItOUXlV. IN THEORY AND PRACTICE. 

Tnofliud fnm tbe Fmidh of Cukuhds SAnHKS, ex-Direaor of the School 
of Hmlocr M Uau, br jDLin Tufpuh, F.ILA.S., B«in;i» Wui^ 
UnH&ctiita', ud Editud Ricc, 1I.A., Asafa in tlic RoT>> Mini. Wbk 




tHE WATCH ADJUSTER'S MANUAL. 

A Pnctul Gtdde fix tbe Wiich ud ChmjuKta Ad 
SpriDcnKTiming ud Adjnsditf for luchnaoiiBit Poatioos 
I^ C E. FuTTs. jTo pp., with lUmnMiaH. tn, cknh . 

THE WATCHMAKER'S HANDBOOK. 

TiHTfKT**' u ■ W«kshin Compaiuca for thooe o^affed in WMtcfamakiDg aod 
the Allied Methanioir Aiu. Tmulaicd frmi ibe Fmch sf CtJODtos 
Suanmr, ud Enlarged bv Jdueh TupruK, F.R.A.S.. ukd Edwud 
~ ".A., AuaTcriatbeRoTal Mini. Third Edition. Croiro Bni, ckxh. 



. S/8 
ELECTRO-PLATINQ&ELECTRO-REPININQOFMETALS. . 

visa] and Laigdy Kewrillen by AUKOLU Philip. B.Sc., A.I.E.E., PliKi(xil 



JEWELLER'S ASSISTANT IN WORKING IN QOLD. 

A Pnctical TiuttH tor Hasten and Workmen, Compiled firoca the 



Expaieacc 

Crown Svo, doth ' 
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BLBCTROPLATINQ. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 

Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Fourth 

Edition, Revised. Crown 8vo, cloth » 5/0 

" An excellent practical maDuaL"—Bfi£iHuriHe: 

" An excellent work, giving the newest iafotmatioia.''^Horoie^icaI youmal, 

ELECTROTYPING. 

The Reproduction and Multiplication of Printine Surfaces and Works of Art 
bv the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 

cloth 6/0 

" The book is thoroughly practical ; the reader is, therefore, conducted through the leading 

laws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing 

processes, up to Uie final preparation of the work."— ^*^ y<mmai, 

GOLDSMITH'S HANDBOOK. 

By Gborgb E. Gbb, Jeweller, &c. Fifth Eklition. xamo, cloth . . 3/0 
"A good, sound educator, and will be generally accepted as an authority."— iEr«rWv»ai/ 
ycumat. 

SILVERSMITH'S HANDBOOK. 

By Gborgb £. Gbb, Jeweller, &c. Third Edition, with numerous lUustra* 

tions. zamo, cloth 3/0 

" The chief merit of the work is its practical character. . . . The woricers in the trade will 
speedily discover its merits when they sit down to study it."— En^UsM MetManie, 

\*- The above two works together^ strongly half 'bound, price 7s, 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Reuben Henry Warn, Practical Tin-PIate Worker. 
New Edition, Revised and greatly Enlarged by Joseph G. Horner. 
A.M.I.M.E. Crown 8vo, 354 pp., with 430 Illustrations, cloth . . 7/6 

BREAD & BISCUIT BAKER'S & SUQAR-BOILER'S 

A55I5TANT. 

Including a large variety of Modem Recipes. With Remarks on the Art of 

Bread-making. By Robert Wells. Third Edition. Crown 8vo, cloth . 2/0 

" A large number of wrinkles for the ordinary cook, as well as the bakex."—SaiHniay Review, 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 
Use. By R. Wells, Author of " The Bread and Biscuit Baker." Crown 8vo, 

cloth 2/0 

" We cannot speak too hig^hly of this really excellent work. In these days of keen competition 
our readers cannot oo better than purchase this book."— BaJkers' Times. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 
Modem Recipes, and Remarks on Decorative and Coloured Work. With 129 
Original Designs. By Robert Wells. Second Edition. Crown 8vo, cloth. 

6/0 

" A valuable work, practical, and should be in the hands of every baker and confectioner. 
The Illustrative designs are alone worth treble the amount charged for the whole work."— BaJUrs* 
Times. 

MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 

remarks on the Ingredients Used in their Manufacture. By Robert Wells, 

Author of " The Bread and Biscuit Baker," &c. Crown 8vo, cloth . 2/0 

" The work is of a decidedly practical character, and in every recipe regard is had to economical 

working."— ATtfrt* British DaUy Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloans, A.Sf., 
Pn.D. With numerous Illustrations. Square 8vo, cloth. . • 6/0 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Editor of " Work " (New Series), Author of " Lathe Work," " MilUog Machines," &c 

Crown 8vo, 144 pp., price zs. each. 

1^* Thts* Handtbooks have bun written to supply infomuUion for Workmen , 
Students, and Amateurs in the several Handicrafts, on the actual Practice 0/ 
4he Workshop, and are intended to convey in plain language Technical Know* 
LBDGE of the several Crafts. In describing the processes employed, and the tnanipu' 
laHon of material, workshop terms are used ; workshop practice is fully explained ; 
4»nd the text is freely illustrated with drawings of modem tools, appliances, and 
processes. 

JVIETAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With xoo Illustrations. 

I/O 

" The book will be of service alike to the amateur and the artisan turner. It dbplays 
tfaorouch knowledge of the subject."— sScff/^rmaw. 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over zoo Illustrations. 

I/O 

" We recommend the book to young turners and amateurs. A multitude of workmen have 
hitherto soug^ht in vain for a manual of this special industry."— Af«fAaM^;o>/ World, 

WATCH JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

zoo Illustrations 1/0 

" We strongly advise all young persons connected with the watch trade to acquire and study 
this Inexpensive •work."— CUrkenwtuChroHicl*. 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of zoo Illustrations I/O 

' A most valuable, if not indispensable manual for the pattern vaakKt."—KHawl€e^. 

MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing InfOTmation 
on various Handicraft Processes. With Useful Notes and Miscellaneous 

Memoranda. Comprising about 200 Subjects I/O 

" A very clever and useful book, which should oe found in every workshop ; and it should 
certainly find a place in all technical schools." — Saturday Review. 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of zoo Illustrations. « 'I/O 

" Mr. Hasluck has produced a very good little \xio)t."—BuUd€r, 

CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 
zoo Illustrations 1/0 

" It is of inestimable service to those commencing the \X9Ait."—CcvtHtry Standard. 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of zoo Illustrations . t 1 /O 
" Mr. Hasluck's thorough-going little Handybook is amongst the most practical guides we 
have seen for beginners in calnnet-work."— 5aA<r<to> Revifw. 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliances and Processes 

Employed in Woodworking. With Z04 Illustrations 1/0 

" Written by a man who knows, not only how work ought to be done, but how to do It, and 
how to convey his knowledge to o%\MX^."—Et^neerinz. 

" Mr. Hasluck writes admirably, and gives complete instructions."— £M^M<«r. 
" Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of what 
can be produced at a popular price." — Schoolntaster. 

" Helpftil to woricmen of all ages and d^rees of experience."— i^^^y Chranicle. 
" Concise, clear, and practical' -Saturday Review. 
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COMMERCE, COUNTING-HOUSE WORK, 

TABLES, ETC. 



LB550N5 IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 
Ekiited and Revised by James Gault, Professor of Commerce and Commercial 
Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 3/6 

" The publishers of this work have rendered considerable service to the cause of commercial 
education by the opportune production of this volume. . . . The worlc is peculiarly acceptable to 
Ens^ish readers and an admirable addition to existhig class books. In a phrase, we think the woric 
attams its object in furnishing a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be familiar."— CAam^^r ofCotttnurce yeumal. 

" An hivaluable guide in the hands of those who are preparing for a commercutl career, and, 
in fact, the information it contains on matters of business should be impressed on every one."— 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Correspondence in Five Languages — English, 
French, German, Italian, and Spanish. By Conrad E. Baker. Thurd 
Edition, Carefully Revised Throughout. Crown 8vo, cloth . . . 4/6 

" Whoever wishes to correspond hi all the languages mentioned by Mr. Baker cannot do 
better than study this work, the materials of which are excellent and conveniently arranged. They 
consist not of entire specimen letters, but— what are far more useful— short passages, sentences, oi 
pluases expressing the same general idea in various ionas."—Ath€ntntin. 

" A careful examination has convinced us that it is unusually complete, well arranged and 
reUabte. The book is a thoroughly good one,"—Schoolmaster. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details ; the Income Tax Acts ; the Rating of 
Factories; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fells. Fifth Edition, Revised and Enlarged. 
Demy 8vo, cloth. [Just Published. 7 IS 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
of assimilating the Factory Accounts to the general commercial books is one which we thoroughly 
agree irith."—AcamHtants' yournal. 

" Characterised by extreme thoroughness. There are few owners of factories who would not 
derive great benefit from the perusal of this most admirable wotk."—LMMlGcvemnunt ChronicU, 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. By Lewis D. A. 
Jackson, A. M. Inst. C. E., Autnor of " Aid to Survey Practice," &c. Large 

crown 8vo, cloth 1 2/6 

"We recommend the work to all interested in the practical reform of our weights and 
measures. "—Nature. 

A SERIES OP METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent. By C. H. Dowling, 

C.E. 8vo, cloth 10/6 

" Mr. Dowling's Tables are well put together as a ready reckoner for the conversion of one 
system into the otbex."—Ath€HauMi. 

IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from i5. per cwt. to xzas. per cwt., and from one farthing par pound to 
one shilling per pound. By Thomas Downib. Strongly bound in leather, 
396 pp. . . . ' 9/0 

" A most useful set of tables, nothing like them before taisi»A."Suiidi$t£ News. 

" Although specially adapted to the Iron and metal trades, the tables wiO be found useful in 
every other business in which merchandise is bought and sold by weight"— JSa<fw«> Ntws, 
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NUMBER. WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing upwards of 950,000 Separate Calculations, showing at a Glance ttie 
Value at 43a Different Rates, ranging from riyth of a Penny to 90s. each, or per 
cwt., and £^>o per ton, of any number of articles consecutively, from z to 470. 
Any number ot cwts., ars., and lbs., from i cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and lbs., from i to 1,000 tons. By William Chadwick, 



bVUa, VWfcS., tjt9.| auiVi lua., iavuji x fcv &,wwv »wi«0. mjj .w ji^*,s<mwa ^ivsuka^ n awn 

Public Accountant. Third Edition, Revised and Improved. 8vo, strongl 



Z 



bound 18/ 

" It is as easy of reference for any answer or any number of answers as a dictionary. For 
making up accounts or estimates tlie boolc must prove mvaluable to all who have any considerable 
quantity of calculations involving^ price and measure in any combination to 6o"—EngiH€er. 
"The most perfect woric of the kind yet prepared."— Gilour^vw Herald. 

THE WEIGHT CALCULATOR. 

Beine a Series of Tables, upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact Value of any Weight from z lb- .to 15 tons, at 300 
Progressive Rates, from \d. to 1685. per cwt., and containing 186,000 Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggregate of 10,966,000 
Answers ; the wnole being calculated and designed to ensure correctness and 
promote despatch. By Henry Harbbn, Accountant. Fifth Edition, carefully 
Corrected. Royal 8vo, strongly half-bound iSI 6t. 

" A practical and useftil work of reference for men of business generally."— /nrMMw^fvr. 

" or priceless value to business men. It is a necessary book in all mercantile oflices."— 
SkiffUld Jnd^entUnt, 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and Others, by which maybe ascertained the Exact Profit arising 
from any mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so a& 
to produce, by one operation, a sum that will realise anv required Profit after 
allowing one or more Discounts : to which are addeci Tables of Profit or 
Advance from i^ to 90 per cent.. Tables of Discotmt from li to 98} per cent., 
and Tables of Commission, &c., from | to xo per cent. By Henry Harbbn, 
Accountant. New Edition, Corrected. Demy 8vo, half-botmd £1 fis. 

" A book such as this can only be appreciated by business men, to whom the saving of time 
means savings of money. The work must prove of great value to merchants, manuActurBiB, and 
general traders."— ^ritfiA Trad* yonmal, 

TABLES OF WAQE5. 

At 54, 59, 50 and 18 Hours per Week. Showing the Amounts of Wages from 
One quarter of an nour to Sixty-four hours, in each case at Rates of Wages- 
advancing by One Shilling from 45. to 55s. per week. By Thos. Garbutt, 
Accotmtant. Square crown 8vo, half-bound 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from 
X foot by 6 in. by \ in. to xo feet by 5 feet by x in. Worked out on the Basis of 
40 lbs. to the square foot of Iron of x inch in thickness. By H. Burlinsom 
and W. H. Simpson. 4to, half-bound £1 Ss.. 
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THE COMPLETE QRAZIER AND PARMER'S AND 

CATTLB BRBBDBR'S ASSISTANT. 

A Compendium of Hosbandrv. Originally Written by William Youatt. 
Fourteenth Edition, entirely Re-vn-itten, considerably Enlarged, and brought 
u]^ to Present Rrauirements, by William Frbam, LL.D., Assistant Com* 
missioner, Royal Commission on Agriculture. Author of " The Elements of 
Agriculture," &c. Royal 8vo, i,xoo pp., 450 Illustrations, handsomely bound. 

£1 lis. 6d. 



BOOK I. ON THB VARIBTIBS, BRBBDING, 

Rbaring, Fattbning and MANAGB- 
mbnt of Cattle. 

BOOK II. ON THB ECONOMY AND MAN- 

AGBMBNT OF THB DAIRY. 
BOOK III. ON THB BRBBDING. RBARING, 

AND MANAGBMBNT OF HORSBS. 
BOOK IV. ON THB BRBBDING, RBARING, 

AND Fattbning of Shbbp. 
Book v. on thb brbbding, Rbaring, 

AND Fattbning of swinb. 
Book vi. on thb disbashs of livb 

Stock. 



Book vil. on thb brbbding. rbaring, 
and managbmbnt of poultry. 

book viii. on farm offices and 
Implements of Husbandry. 

BOOK IX. On the culture and MAN- 
AGBMBNT OF grass Lands. 

BOOK X. On the Cultivation and 
Application of Grasses, Pulsb and 
Roots. 

BOOK XI. On Manures and thbir 
Application to Grass Land and 
Crops. 

BOOK XII. monthly Calendars of 
Farmwork. 

" Dr. Fream Is to be congratulated on the successful attempt he has made to give us a woric 
which will at once become the standard classic of the farm pnumce of the country. We believe 
that it will be found that it has no compeer among the many works at present in existence. . . . 
The illustrations are admirable, while the frontispiece, which represents the well-known buU, 
New Year's Gift, bred bv the Queen, is a work of art"— rA« Titfus. 

" The book must oe recognised as occupjring the proud position of the most ezhaustlTe work 
of reference in the English language on the subject with which it deais."—jit/utueufH. 

" The most comprehensive guide to modem farm practice that exists in the English l a n guage 
to-day. . . . The book is one that ought to be on every farm and in the library of every land 
ownet/'—Mark Lane Express. 

" In point of exhausdveness and accuracy the work will certainly hold a pre-eminent and 
aalque posttion among books dealing with scientific agikultunl practice. It is, in fact, an agricul- 
tural libirary ofiXs/eHL'^North British Agriatliurist. 

FARM LIVE STOCK OP GREAT BRITAIN. 

By Robert Wallacb, F.L.S., F.R.S.E.. &c., Professor of Agricttltore and 

Rural Economy in the University of Edinburgh. Third Edition, thoroiighly 

Revised and considerably Enlarged. With over xao Phototypes of Pri«^ 

Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . 1 2/6 

" A really complete work on the history, breeds, and management of the fiurm stock of Great 

Britaiii, and one which b likely to find its way to the shelves of every country gentleman's library." 

-TheTimes. 

" The * Farm Live Stock of Great Britain ' is a production to be proud of, and its Issue not the 
least of the services which its author has rendered to agricultural science."— Sc^MCrA Farmer. 

NOTE-BOOK OP AGRICULTURAL PACTS & FIGURES 

FOR PARMBRS AND FARM STUDBNTS. 

By Primrose McConnell, B.Sc, Fellow of the Highland and Agricultural 
Society, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 
and greatly Enlarged. Fcap. Svo, 480 pp., leather, gilt edges . 6/0 

contents.— SURVEYING AND LEVELLING.— WEIGHTS AND MEASURES.— MACHINERY 
AMD BUILDINGS. — LABOUR. — OPERATIONS. — DRAINING. — EMBANKING. — GEOLOGICAL 
MEMORANDA SOILS. — MANURES. — CROPPING. — CROPS.— ROTATIONS. — WEEDS. — 

FEEDING.— Dairying.— Live Stock.— Horses.— Cattle. — Sheep.— Pigs.—Poultry,— 
FoRBSTRY.—HORTicuLTURE.— Miscellaneous. 

" No farmer, and certainly no agricultural student, ought to be without this muliHm4n-parvo 
manual of all subjects connected with the fiurm."— A'tfrtt British AfricultHrist. 

" This little pocket-book contains a lai^pe amount of useful infonnation upon all kinds of 
agricultural subjects. Something of the kind has long been wanted."— i/ar>fc Lane Expt ess. 

"The amount of information It '■^^tfl^ns Is most surprising ; the arrangement of the matter is 
so methodlral — alth ough so comp ws sed— <s to be inteDlglHe to everyone who takes a glanoe through 
Its pages. They teem with information."— /vorm anoHotne. 

THE ELEMENTS OF AGRICULTURAL GEOLOGY. 

A Scientific Aid to Practical Farming. By Primrose McConnell. Author <^ 
"Note-Book of Agricultural Facts and Figures," &c. Royal Svo, cloth. 

[Just Published. Net 21 /O 
" On every page the work bears the unpress of a masterly knowledge of the subject dealt 
with, and we have nothing but unstinted praise to offer."- F/r/rf. 
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BRITISH DAIRYING. 

A Hand^ Volume on the Work of the Dafary-Farm. For the Use of Technual 
InstmctiOQ Classes, Students in Agricnltural Colleges and the Working Dairy- 
Farmer. By Prof. J. P. Shbldom. With Illustrations. Second Edition, 

Revised. Drown 8vo, cloth 2/6 

" Confidentlv recommended as a useful text-book on dalvy tMnoiag."—A£riculiui>m/ GmMtUt, 
" Probably the best half-crown manual on daiiy voik that has ytt been produced."— AirrA 
BrUtsh AgricHUHrixt. 

" It U the soundest little work we have yet seen on the subject."— 77b< Times. 



MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By Tohn Olivsr, late Principal of the Western Dauy Institute, 
Berkeley. With Coloured Plates and aoo Illustrations. Crown 8vo, doth. 

7/6 

" An exhausdve and masteriv productkm. It may be cotdlal^ recommended to all students 
and piactidonefs of dairy science.' —iN^^rC* BrUisk Agriculturist. 

" We recommend this very comprehensive ana carefully-written book to dairy-farmers and 
students of dairyin£. It is a distinct acquisition to the library of the agriculturist."— ^.fvicKAMrw/ 

G€Ut€tt€. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 

Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 

Modem Farming," &c. Crown 8vo, cloth . 6/0 

" This is the completest book of its class we have see n, and one which every amateur farmer 
will read with pleasure, and accept as a guide."— ^««^ 

OUTLINES OP MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops — Farming^ and Farming 
Economy — Cattle^ Sheqp, and Horses — Management of Daury^ Pigs, and 
Poultry — ^Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., x,a5o pp., half*bound, profusely Illustrated 1 2/0 

FARM ENQINEERINQ, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Supplv ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Bam Implements and Machines; 
Field Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 

" Written with great care, as well as with Icnowiedge and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students, "—ifanfc Latu Express. 

THE PIELD5 OP GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 

Art Department. For Elementary and Advanced Students. By Hugh 

Clbmbnts (Board of Trade). Second Edition, Revised, with Additions. 

z8mo, cloth 2/6 

" It is a long time since we have seen a book which has pleased us more, or which contains 
such a vast and useful fund of )caoyr[adg!6."— Educational Times. 

TABLES and MEMORANDA for PARMER5, QRAZIER5, 

AGRICULTURAL 5TUDBNT5, 5URVBY0R5, LAND A0BNT5. 
AUCTI0NBBR3, &c. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 

Edition. 372 pp., waistcoat-pocket size, limp leather . . -1/6 

"Weighing less than z oz., and occupvingno more space than a match-box, it contains amass 
of fects ana calculations which has never before, in such handy fonn, been obtainable. Eveqr 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 
the tables having been revised by Dr. Fream. We cordially recommend it."— Belts Weekly 
Messenger, 

THE R0THAM5TED EXPERIMENT5 AND THEIR 

PRACTICAL LB550N5 FOR PARMBR5. 

Part L Stock. Part II. Crops. By C. J. R. Tipper. Crown 8vo, cloth. 

8/6 

" We have no doubt that the book will be welcomed by a large class of farmers and otbeit 
interested In agriculture. "—sSteiu^rif. 



AGRICULTURE, FARMING, GARDENING, S^. 45 
FERTILISERS AND FEEDING STUFFS. 

Their Properties and Uses A Handbook for the Practical Farmer. By 
Bernard Dyer, D.Sc. (Lond.)* With the Text of the Fertilisers and Feedint; 
Stuffs Act of 1893, &c. Third Edition, Revised. Crown 8vo, cloth. . 1 /Q 

"This little book is precisely what it professes to be— 'A Handbook for the Practical 
Farmer.' Dr. Dyer has done fanners good service in placinsf at their disposal so much useful 
infoimition in so mtelligible a form."— 7*A« Times. 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crovm Svo, wrapper *! /Q 

BOOK-KEEPING for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 
Fourth Edition. Crown Svo, cloth. [Just Published. 2/6 

" The volume is a capital study of a most important sahiect."—A£yicuituraI GauetU. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Ekiition. 

Folio, half-bound Ntt 7/6 

" Contains every requisite for keeping farm accounts readily and accurately."— ^^ricM/Mtfrv. 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samubl Wood. Crown Svo, cloth 3/6 

" A good book, containing a great deal of valuable teaching."— Ganfefferr' Meigamint, 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow V^etables, Fruits, and Flowers. By S. Wood. Fourth 
Edition, with considerable Additions, and numerous Illustrations. Crown 
Svo, cloth 3/9 

" A very good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent."— ^Ji*«M«wm. 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce £fiio a year, by the Cultivation 
of Fruits and Vegetables ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise }&i76 per annum clear Profit. By Samuel Wood, Author of 
" Good Gardening, &c. Sixth Edition, Crown Svo, sewed . . • I/O 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown Svo, cloth • 3/6 

POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato.. 
By J. Pink. Crown Svo 2/0* 

MARKET AND KITCHEN GARDENING. 

By C. W. Shaw, late Editor of " Gardening Illustrated." Crown Svo, cloth. 

3/& 



46 CROSBY LOCKWOOD * SON'S CATALOGUE. 

AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD'5 TABLES FOR PURCHASINQ E5TATE5 

AND FOR THB VALUATION OP PROPBRTIBS, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 
&c., &c. 26tb Edition, Revised and Extended by William Schooling, 
F.R.A.S., with Logarithms of Natural Numbers andTHOMAN's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

[Just Pithlished, NttBIO 
" Those interested in the purchase and sale of estates, and in the adjustment of compensatiaa 
cases, as well as in transactions in annuities, life insurances, &c., will end the present editioa of 
eminent strviot."— Engineering^. 

*' This valuable 000k has been considerably enlaij^d and improved by the labouis of 
Mr. Schooling, and is now very complete indeed." — Eamomist. 

" Altogether this edition will prove of extreme value to many classes of professional men in 
saving them many long and tedious calculations." — Investors' Review. 



THB APPRAISER, AUCTIONEER, BROKER, H0U5E 

AND B3TATB AOBNT AND VALUBR*5 POCKBT ASSISTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c. By 

iOHN Whbslbr, Valuer, &c. Sixth Edition, Re-written and grooly Extended 
y C. NoRKis. Koyal samo, cloth 5/0 

" A neat and concise book of reference, containing an admirable and cleaily^urranged list of 
prices for inventories, and a very practical guide to determine the value of furniture, Ac. "-■^andard. 

" Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, wtth prices for 
inventories, and a guide to determine the value of interior fittings and other vtSKX^'-Suildtr. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Voting Auctioneer. By Robbbt 
Squibbs, Auctioneer. Second Edition, Revised. Demy 8vo, cloth . 12/8 

" The work is one of general excellent character, and gives much informatioa In a com> 
pendious and satisfactory {otm."SuiUer. 

*' May be recommended as giving a great deal of information on the law relating to 
auctioneers, in a very readable {oxnx?'—Law youmal. 

THE AGRICULTURAL VALUER'3 AS3I5TANT, 

A Practical Handbook on the Valuation of Landed Estates ; including 
Example of a Detailed Report on Management and Realisation ; Forms of 
Valuations of Tenant Right \^ Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts, &c. By Tom Bright, Agricnl> 
tural Valuer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, 1883 and 1900. Crown 8vo, cloth . Net SIO 

" Full of tables and examples in connection with the valuation of teilant-right, estates, labour, 
contents and weights of timber, and farm produce of all ]dnds."—/1^riculturai Gasette. 

" An eminently practical handbook, full of practical tables and data of undoubted interastand 
value to surveyors and auctioneers in preparing valuatitMis of all kinds."— /^arwwr. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
8vo, cloth S/6 

"To valuers, foresters and agents it will be a wekome ai±"— North British AsTrietUhiiriMt, 
" Well calculated to assist the valuer in the discharge of his duties, and of undoubted jnteiert 
and use both to sunreyon and an ct ionee is in preparing valuations of aD Undf . "— ^A^«tf HsraUL, 



AUCTIONEERING, VALUING, LAND SURVEYING, S<. 47 
AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. B^ 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agn* 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

iV^if 7/6 

" An exceeding^ly useful book, the contents of which are admirably chosen. The classes for 
whom the work is intended will find it convenient to have this comprehensive handbook accessible 
for reference." — Live Stock youmal. 

" It is a singularly compact and well informed compendium of the facts and figures likely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addressed."— 5«/;r»M:«. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. With Tables for reducing Scotch, Insh, and Provincial Customary 
Acres to Statute Measure, &c. By R. Hudson, C.E. New Edition. 

Royal 32mo, leather, elastic band 4/0 

" Of incalculable value to the country gentleman and professional man. — Farmers' youmal 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property. By Tohn Ewart, 
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0 
" A compendious and handy little voVaxaib."— Spectator. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works botind together. Leather .... 7/Q 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to^ the Purchase, Tenancy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use^ of Deccnrative Art. By E. L. Tarbuck, Ardiitect and Surveyor. 

Sixth Edition. i2mo, cloth 5/0 

" The advice is thoroughly practical,"— Z,<rw yournal. 

" For all who have dealings with house property, this is an indispensable gmAe."— Decoration. 
" Carefully brought up to date, and much improved by the addition of a division on Fine Art. 
A well-written and thougrhtful vork."—LaHd Agents' ReconL. 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 

B. Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

" This invaluable guide to journalism is a work which all aspirants to a journalistic career will 
read with advantage."— ^(WfVfa/irA 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramwa3rs, Gas and Water Works, &c. 
By L. L Macassby, of the Middle Temple, Barrister-at-Law, M.I.C.E. 
8^0' ^^ot^ £1 6«. 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth .1/6 

CONCILIATION & ARBITRATION In LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jeans. Crown 8vo, aoo op., 
cloth 2/6 
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CROSBY LOCKWOOD «« SON'S CATALOGUE, 



EVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and EUiuity. 



With a Concise 



* « 



Dictionary of Legal Terms. By A Barkister. Fortieth Edition, carefully 
Revised, and including New Acts of Parliament of 1902. Comi»-ising the 
Licensif^^ Aci, igoz; the Shop Clubs Act, jgos ; the Midwivts Act, tgo2 ; 
the Cremation Act, igo2, and other enactments of the year. Judicial 
Decisions during the year have also been duly noted. Crown 8vo, 800 pp., 
strongly bound m cioth. [Just Published, 6/8 

This Standard Work 0/ Reference forms a Complbtb Epitome of the 
Laws op England, comprising {amongst other matter) : 

THE RIGHTS AND WRONGS OF INDIVIDUALS 



Landlord and Tenant 

VENDORS and PURCHASERS 

Leases and Mortgages 
Joint-stock Companies 
Masters, Servants and Workmen 
Contracts and agreements 
MONEY Lenders, suretiship 
Partnership, Shipping Law 
Sale and purchase op Goods 
Cheques. Bills and Notes 
Bills op Sale, Bankruptcy 
Life. Fire, and Marine insurance 
Libel and Slander 



Criminal Law 
Parliamentary Elections 
County Councils 
District and Parish CoinfciLS 
Borough Corporations 
Trustees and Executors 
Clergy and churchwardens 
Copyright, patents, trade Marks 
husband and Wife. Divorce 
Infancy, Custody of Children 
PUBLIC Health and Nuisances 
innkeepers and Sporting 
Taxes and death duties 



Forms of wills, agreements. Notices, &c. 



1^ The UJect 0/ this vrork is to enetbU those who consuUii to help themselves to the 
law : and thereby to dispense^ as far as fossibU, with professional assistance and advice. There 
are many wrortfrs and grievances which persons submit to from time to time through not 
knowing how or where to apply for redress; and many persons have as great a dread of 
lawyer's office as of a lion's dim. IVith this book at hand it is believed that many a SlX-AND> 
KIGHTPENCE may be saved; many a wrong redressed ; many a right reclaimed; many a law 
suit avoided; and many an evilabitted. The work has established itseif^ as the standard legal 
adviser ^all classes, and has also made a r^utationfor itseff as a use/i*l book of riferencefor 
lawyers residing €U a distance from law libraries^ who art glad to have at hand a work 
embodying recent decisions and enactments. 



*«* Opinions of thb Prsss. 



'•The amount of infonnation given in the volume is simply wonderful. The continued 
popularity of the work shows that it fulfils a useful purpose."— Z,aw yourttal. 

" As a book of reference this volume is without a rival."— Pall Mall Gazette. 

" No Englishman ought to be without this hook."— Engineer. 

"Ought to be in every business establishment and in all libraries." —Shgjffleld Post. 

" The • Concise Dictionary ' adds considerably to its vsXMeJ'-lfestminster Gazette. 

" It is a complete code of English Law written in plain language, which all can understand. 
. . . Should be in the liands of every business [man, and all who wiui to abolish lawyers' bilU."— 
IVeekly Times. 

" A useful and concise efrftome of the law, compiled with considerable care."— Z^ow Magazine. 

" A complete digest of the most useful facts which constitute English law."— Globe. 

"Admirably done, admirably arranged, and admirably cheap."— Leeds Mercury. 

" A concise, cheap, and complete efrftome of the English law. So plainly written that he who 
runs may read, and he who reads may understand."— /^<fafv. 

" A dictionary of legal facts well put together. The book is a very useful fmt."Spectator 

LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Ser^aces. By 
David Gibbons. Fourth Ekiition, with Appendix of Statutes by T. F. Uttlev, 



Solicitor. Fcap. 8vo, cloth 
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WEALE'S SERIES 



OF 



SCIENTIFIC AND TECHNICAL 

WORKS. 



** It is not too much to say that no books have ever proved more 
popular with or more useful to young engineers and others than the 
excellent treatises comprised in Weale's Series." — Engineer. 
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2 WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 

CIVIL ENGINEERING & SURVEYING, 
Civil Bngineering. ' ^ 

By Hknry Law, M.Inst.C.E. Including a Treatise on Hydraulic 
Enginbbring by G. R. Burnbll, M.I.CL. Seventh Edition, revised, 
with Largb Additions by D. K. Clark, M.I.CE . . . 6/6 

Pioneer Bnglneerin^ : 

A Frea i>e on .the Engineering Operations connected with the Settlement of 
VVASte I a.ids in Ne-jv Couniries. By Edward Dobsom, M.Inst.CE. 
With numerous Plates. Second Edition 4/6 

Iron Bridges of Moderate .Span: 

Their Construction and Erection. By Hamilton W. Pbndred. With 40 
Illustrations . 2/0 

Iron and Steel Bridges and Yiaducts. 

A Practical TreatiNe upon iheir Construction for the use of Engineers, 
Draught men, and Students. Hy Francis Campin, C.E. With numerous 
Illustrations 3/6 

Constructional Iron and Steel Work, 

As applied to Public, Private, and Domestic Builiings. By Francis 
Camhin, C.E. 3/6 

Tabular and other Iron Girder Bridges. 

Describing the Britannia and Conway Tubular Biidges. By G. Drvsdalb 
Dbmi'Sbv, C.E. Fourth Edition 2/0 

Materials and Goi^etruotion : 

A Theoretical and Practical Treatise on tlie Strains, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C<E. . . 3/0 

Sanitary Work in the Smaller Towns and in Villages. 

By Charles Slagg, Assoc. M.Inst.C.E. Third Edition . . 3/0 

Roads and Streets (The Construction of). 

In Two Parts: I. The Art op Constructing Common Roads, by H. 
Law, C.E., Revised by D. K. Clark, C^E. ; II. Recent Pkac7icb: In- 
cluding Pavements of Wood, Asphalte, &c. By D. K. Claric, C.l^. 4/6 

Gas Works (The Constrttotion of), 

And the Manufacture and Distribution of Coal .Gas. By S. Hughes, C.E. 
Re-written by William Richards, C.E. Eighth Edition . . 5/6 

Water Works 

For the Supp'y of Cities and Towns, With a Description of the Principal 
Geoloiiical Formations of Eiii'tahci as influencing Supplies of Water. Bv 
Samuel Hughes, F.G.S., C.E. jplularged Edition .... 4/6 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Gly^n, F.R.S. New Edition . 2/0 

Wells and Well-Sinking. 

By John Gko. Swindell, A.R.I.B..\., and G. R. Burnbll, C.E. Revised 
Edition. WithaNew Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of I^ands, Towns, and Buildings. 

By G. D. Dempsev, CE. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.l.CE. Third Edition . . . 4/6 

The Blasi^ing and J)uarrying of 9tpn«f« 

Forliuilding and othir Purposes With' Remarks on the Bl«wbg up of 
Bri|lges. By.Gen. Sir J. BwRGoyi^E, 1^.C.B. . . . , . f/6 

Foundations and Concrete Works. 

With Practical Remarks on Footings, Planking, Sand, Concrete, B^tor.^ 
Pile-driving, Caissons, and Cofferdams. By E. DoBSON, M.R.I.B.A. 
Eighth Edition ^/^ 



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 3 
Pneumatios, 

Including Acoustics and the Phenomena of Wind Currents^ for the Use of 
Beginners. By Charles Tomlinson, F.R.S. Fourth Editiop . t/6 

Ltand and Bnglneerintf Surireying. 

For Students and Practical Use. ByT. Bakbr, C.B. Eighteenth Edition, 
Revised and Extended by F. E. Dixon, A.M. Inst. C.E., Professional Asso- 
ciate of the Institution of Surveyors. With numerous Illustrations and two 
Lithographic Plates [/ustj^Iished ZIO 

HKenBuration and tfeaBUFin|L 

For Students and Practical Use. With the Mensuration and LeveUipg of 
Land for the purposes of Modem Engineering. By T. Bakss, C.£. New 
Edition by E. NuGBNT, C.E 1/6 



MINING AND METALLURGY 
Mining Calomlations, 

For the use of Students Preparing for the Examinations for Colliery 
Managers' Certificates, comprising numeruun Kales and Examples in 
Arithmetic, Algebra, and Mensuration. By T. A. O'Donahub, M.E., 
First-Class Certificated Colliery Manager. {Just ^Uuked, 3/6 

Mineralogy, 

Rudiments of. By A. Ramsay, F.G.S. Fourth Edition, revised and 
enlarged. Woodcuts and Plates 3/6 

Goal and Coal Mining, 

A Rudi&ientary Treatise on. By the late Sir Warington W. Smvth, 
F.R.S. Eighth Edition, revised by T. FoRSTER Brown . . . 3/6 

Metallurgy of Iron. 

Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. With numerous 
Illustrations. Sixth Edition, revised and enlarged .... 6/0 

The Mineral Surveyor and Yaluer*B Complete Guide. 

By W. LiNTBRN. Fourth Edition, with an Appendix on Miyi^etic and 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Scientific, Practical, and Commercial. By D. C. Davibs, F.G.S. With 
numerous Illustrations and Folding Plates. Fourth Edition '. • 3/0 

JL First Book of Mining and Quarrying, 

With the Sciences connected therewith, for Primary Schools and Self In^ 
struction. By J. H. Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fenwick and T. Baker, 
C.E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, containing 235 IllustratioMof Mining 
Tools, drawn to Scale. 4to 476 

Physical Geology, 

Partly based on Major-General Portlock's " Rudiments of Geology." 
By Ralph Tate, A. LS., &c. Woodcuts 2/0 

Historical Geology, 

Partly based on Major-General Portlock's " Rudiments." By Ralph 
Tate, A.LS., &c. Woodcuts . . « 2/6 

Geology, Physical and Historical. 

Consisting of " Physical Geology," which sets forth the Leading Principles 
of the Science; and "Historical Geology, " which treatff of Uie Mineral 
and Organic Conditions of the Earth at each successive epoch. By Ralph 
A ate, F.G«S. ...... ■■• 4/0 



4 WEALfi'S SCIENTIFIC AND TECHNICAL SERIES. 

' MECHANICAL ENGINEERING. 
The Workman's Manual of Singinearing[ Drawing 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Seventh Edition. 300 Plates and Diagrams . 3/d 

Fuels: Solid, Liquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.C.S.« formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Third Edition . . . . 2/0 

Fuel, Its Gombustion and Boonomy. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Prevention of Smoke." By C W. Williams, A.I.C.E. With Exten- 
sive Additions by D. K. Clark, M.Inst.C.E. Fourth Edition . 3/S 

The Boilermaker's Assistant 

In Drawing^ 'J^mplating, and Calculating Boiler Work, &c. By J. Coubt- 
NKY, Practical Boilermaker. Edited hr D. K. Clark,- CK. . 2/0 

The Boiler-Maker*s Ready Reckoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. 

Clark, M.I.CE. Fourth Edition 4./O 

•«• Tkt last two IVorks in One VolMtne, kair-boumi. entitltd *' Thb Boilbr- 
maker's Rbadv-Rbckonbr and Assistant. By J. Courtney and 
p. K. Clark. Pric€ 7/0. 

Steam Boilers: 

Their Construction and Management. By R. Armstrong, CE Illustrated 

1/S 

Steam and Maohinery Management. 

A Guide to the Arrangement apd Economical Management of Machinery. 
By M. Powis Bale, M.Inst. M.E 2/S 

Steam and the Steam Bntfine, 

Stationary and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewell. By D. K. Clark, CE. Fourth Edition 3/& 

The Steam Bntfine, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 
Practical Men. By T. Baker, CE . 1/S 

The Steam Bntfine. 

By Dr. Lardker. Illustrated • . > 1 /S 

licioomotive Bn^nes, 

ByG. D. Dempsey, C.E. With large Additions treating of the Modern 
LocomotiveM)y D. K. Clark, M.Inst.C.E 3/0 

I«ooomotiire Bn^ine-Drivin^. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Tenth Edition. 31. (m/. limp ; cloth boards . 4/0 

Stationary Bntfine-Drivin^. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition. 3X. Ql, limp ; cloth boards . 4iO 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Crank. 
Fourth Edition 2/6 

Modem Workshop Praotice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks,. 
Dredging Machines, Bridges, Ship-building, &c. By J. G. Winton. 
Fourth Edition, Illustrated 3/S 

Meohanioal Bngineering. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workdiop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine,. 
&c By Francis Campin, p.E. Third Edition .... 2/S 

I>etails of Maohinery. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting-Shop, Foundry, and Boiler- Yard. By Francis Campin, CE. 3/0 
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Elementary Bn^ineecing : 

A Manual for Yuung Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, &c. 
By T. S. Brbwbr. Feurilh Edition 1/6 

Power in Motion: 

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands Angular Forces, &c By James Armour, C.K. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, C.E 2/6 

Practical Mechanism, 

And Machine Tools. By T. Baker, C.E. With Remarks on Tools, and 
Machinery, by J. Nasmyth, C.E 2/6 

Mechanics : 

Being a concise Exposition of the General Principles of Mechanical Science, 
and their Applications. By Charles Tomlinsun, F.R.S. . .1/6 

Granes (The Construction of), 

And other Machinery for Raising Heavy Bodies for the Erection of Build* 
ings, &C. Dy Joseph Glynn, F.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC, 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By James Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and enlarged 
Edition. By W. H. Rosser 2/6 

Practical Navigation. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
Rosser ; together with Mathematical and Nautical I'ables for the Working 
of the Problems, by Henry Law, C.E., and Prof. J. R. Young . T/0 

Navigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on logarithms. By H. Law, CE. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
&c., relative to every class <m vessels. By Robert Kipping, N.A. . 2/0 

Sails and Sail-Mctking. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping, N.A 2/6 

Marine Bngines and Steam Vessels. 

By R. Murray, C.E. Eighth Edition, thoioughly revised, with Addi- 
tions by the Author and by George Carlisle, C.E. . . . A/S 

Naval Architecture : 

An Exposition of Elementary Principles. By James Peaks . . 3/6 

Ships for Ocean and River Service, 

Principles of the Construction of. By Hakon A. Sommbrfeldt . 1 /6 

Atlas of Engravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6 

ihe Forms of Ships and Boats. * 

By W. Bland. Ninth Edition, with numerous Illustrations and 
Models 1/6 
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ARCHITECTURE AND THE 

BUILDING ARTS. 
Constmotional Iron and Steel Iffork, 

As applied to Public, Priyate, and Domestic Buildings. By Framcis 
Campin, CE 3/6 

BuUding Estates : 

a Treatise on the Development, Sale, Purchase, and Management of Buildr 
ing Land. By F. Maitland. Third Edition ..... 2/0 

The Science of Building : 

An Elementary Treatise on the Principles of Construction. By £. WvNi>i' 
HAM Tarn, M.A. Lond. Fourth Edition 3/6 

The Art of Building : 

General Principles of Construction, Strength, and Use of Materials, Working 
Drawings, Specifications, &c By Edward Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Beckett, Q.C. (Lord Grim- 
THORPE). Second Edition 4>/6 

Dwelling-Houses (The Brectioii of). 

Illustrated by a Perspective View, Plam, and Sections of a Pair of Villas, with 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/Q 

Cottage Building. 

By C. Brucr Allen. Eleventh Edition, with Chapter on Economic Cot- 
tages for Allotments, by E. E. Allen, C.E 2/0 

Acoustics in Relation to Architecture and Building: 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
fessor T. RoGRR Smith, F.R.I. B.A. New Edition, Revised . •1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Bricklaying; Arch Drawing, Cutting, and Setting; 
Pointing; Pavmg, Tiling, &c. By Adam Hammond. With 68 Woodcuts 

1/6 
The Art of Practical Brick Cutting and Setting. 

By Adam Hammond. With 90 Engravings 1/6 

Brickwork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof 
Tiling, &c. By F.Walker 1/6 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Outline of the 
Principles of Brickmaking. By E. Dobson, M.R.I.B.A. Additions by 
C. ToMLiNSON, F.R.S. Illustrated 3/0 

The Practical Brick and Tile Book. 

Comprising: Brick and Tilb Making, by E. Dobson, M.Inst.CE.;' 
Practical Bricklaying, by A. Hammond; Brick-cutting and Setting, 
by A. Hammond. 550 pp. with 270 Illustratious, half-bound . . 6/0' 

Carpentry and Joinery — 

The Elementary Principles op Carpentry. Chiefly composed from the 
Standiird Work of Thomas Tredgold, C.E. With Additions, and Treatise 
on Joinery, by E. W. Tarn, M.A. Seventh Edition . . . 3/6 

Garpentry and Joinery — Atlas 

Of 33 Plates to accompany and Illustrate the foregoing book. Widi 
Descriptive Lettei-oress. 410 . . . . 6/0 
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A Practioal Treatise on HandraiUng; 

Showing N'ew and Simple MethVids. By Geo. Colli Nf.s. Second Edition, 
Revised, including a' Treatise ON Stairbuilding. With Plate's . 2/6 

Giroular Work in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Third Edition 2/6 

Roof Oarpentry: 

Practical Lessons in the Framing of Wood Roofit. For the Use of Working 
Carpenters. By Geo. Collings 2/0 

The Construotion of Rooftf of Wood and Iron; 

Deduced chiefly from the Works of Robison, IVedi^old, and Humber. Br 
E. WvNDHAM Tarn, M.A., Architect. Third Edition ... . 1/6 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With i6o Woodcuts . . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By Gborgb 
H. Blagkovr. With 31 Illustrations •1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. £. Grandy 2/0 

Plumbing: 

A Text-Book to the Practice of the Art cr Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. Bv Wm. Paton Buchan. 
Eighth £diLion, Re-written and EnlaBjed, with 500 Illustrations « 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings, ^y W. P. 
Bu«HAN, R.P., Author of " I'lumbing/'&c. With 170 Illustrations 3/6 

The Practical Plasterer: 

A Compendium of I'lain and Ornamental Plaster Work. Ry W. Kem? 2/0 

« 

House Painting, Graining, Marbling, & Sign lYrlting. 

With a Course of Elementary Drawing, and a Cullection of Useful Receipts. 
By Ellis A. Davioso.n. Eighth Edition. CoUured Plutes . . S/0 

•»* The above t in cloth boards, strongly bounds 6/0 

A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By George Field. New 
Eldition, enlarged, by Ellis A. Davids<'N. With Coloured Plares . 3/0 

Blementary Decoration 

Asapplied to Dwelling Houses, &c. By James W. Facey. Illustrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arran6:ement of Colours in 
Apartments, and the Principles of Decorative Design. By J amks W. Facey 

2/6 
•"»• Tfi* last two Works in Otu handsome Vol.^ half-bound^ entitled *' Hot;sB 
Decoration, Elbmentaky and Practical," /riVcr 5/0* 

Portland Gement for Users. 

By Henry Faija, A.M. Inst. C.E. Ihird Edition, Corrected . . 2/0 

Ltimes, Cements, Mortars, Concretes, Mastics, Plas- 
tering, &c. 

By G. R. Burnell C.E. Fifteenth Edition .... 1/6 
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Masonry and Btons-Guttinjf. 

The Principles of Masonic Projection and their application to Construction 
By Edwakd PoBSON, M.R.I.B.A. 2/6 

JLrohes, Piers, Buttresses, Ac: 

Experimental Essajrs on the Principles of Constmction. By W. Bland. 

1/6 
Quantities and Measurements, 

In Bricklayers', Masons', Plasterers', Plunnbers', Painters*, Paperhangers', 
Gilders', Smitlu*, Carpenters' and Joiners' Work. By A. C. Beaton 1 /6 

^e Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Umber and Stone. By R. 
HoKTON. Sixth Edition ....*.... 4/0 

*«• The above^ ttrongly bound in leather^ prict 6/0« 

Litfht: 

An Introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineerini;, and other Applied Sciences. By E. Wynd- 
HAM Tarn, M. A., Author of " The SJence of Building," &c. . > 1 /6 

Hints to Young Architects. 

By Gborgk Wightwick, Architect. Sixth Edition, revised and enlarged 
by G. HusKissoN Guillaume, Arehitect . . '. . . . 3/6 

Arohiteoture— Orders : 

The Orders and their ililsthetic Principles. By W. H. Lbkd& Illustrated. 

Architecture — Styles : 

The History and Description of the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period, by T. Talbot Bi'RV, 
F.R.I.B.A. illustrated * . 2/0 

%* Ordbrs and Styles of Architecture, in One VoL^ 3/6* 

# 

Architecture — Desi^ : 

The Principles of Design in Architecture, as deducible from Nature and' 
exemplified in the Works of the Greek and Gothic Architects. By £ow. 

Lacy Garbett, Architect. Illustrated 2/6 

•»• The three preceding Works in One handsome VoL^ half bounds entitled 
"Modern Architecture," /rw 6/0' 

Perspective for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c 
By George Pyne 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. Wiih Illustrations, engraved by O. Jhwitt t /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gessert and Emanuel Otto From berg. With 
an Appendix on The Art of Enamelling 2/6 

Yitruvius — The Architecture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A.. 
F.R.A.S. With 23 Plates 5/(j 

N.B. — This is the only Edition <?/"Vitruvius procurable at a tnoderate price. 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl of Aberdeen t /O 

\* The two preceding IVorks in One handsome Vol.^ heilf bounds entitled 
•* Ancient Architecture," price 6/0> 
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INDUSTRIAL AND USEFUL ARTS. 
Cements, Pastes, Glues, and Gums. 

A Guide to the Manufacture and Application of Agglutinants. With 900 
Recipes and Formulae. By H. C. Standagb . . . . ' . 2/0 

Clocks and Watohes, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Bsckbtt, Q.C.- (Lord 
Grimthor-pe). Seventh Edition . • . 4/3 

Bleotro-Metallurgy, 

Practically Treated. By Alexander Watt. Tenth Edition, enlarged 
and revised including; the most Recent Processes . . . . 3/!6 

The Goldsmith's Handbook. 

Containing full Instructidns in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels, 
&c, &c. By George E. Gee. Fifth Edition . . . . . 3/O 

The SilTersmith's Handbook, 

On the same. plan as the Goldsmith's Handbook. By G. E. Gbr. 3/0 
*»* The iast two IVorkSf in Qne handsamt Vol.^ kalf-b{mnd^ 7/0- 

The Hall-Marking of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom ; with the Stamps and Laws relating to the Standards and Hall 
Marks at the various Assay Offices. By George E. Gee . . 3/0 

French Polishing and Bnamelling. 

A Practical Work of Instruction, including numerous. Recipes for making 
Polishes, Varnishes, Glaze- Lacquers, &c. By R. Bitmead . .1/6 

Praotioal Organ Building. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Coaoh-Bnilding : 

A Practical Treatise. By Jambs W. Burgrss. With 57 Illustrations 2/6 

The Cabinet-Maker^s Guide 

To the Entire Con-tniction of Cabinet Work. By R. Bitmead . 2/6 

The Brass Founder's Manual: 

Instruction*: for Modelling, Pattern Making, &c. By W. Graham . 2/0 

The Sheet-Metal IHTorker's Guide. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with 
46 Diagrams. By W. J. E. Crane. Third Edition, revised . .1/6 

Semring Maohinery: 

Its Construction, History, &c. With full Technical Directions for Adjust- 
ing, &c. ByJ. W. Urquhart, C.E 2/0 

Gas Fitting: 

A Practical Handbook. By John Black. New Edition . . 2/6 

'Construction of Door Locks. 

From the Papers of A. C. Hobbs. Edited by C. Tomunson, F.R.S. 2/6 

The Model liocomotive Bngineer, Fireman, and 
ESngina-Boy. 

By Michael Reynolds 3/6 

The Art of Letter Painting made Basy. 

ByJ. G. Badenoch. With 12 full-page Engravings of Examples . t/6 

The Art of Boot and Shoemaking. 

Including Mea<%urement, Last-fitting, Cutting-out, Closing and Making. By 
John Brdford Leno. With numerous Illustrations. Fourth Edition 2/0 

Mechanical Dentistry < 

A Practical Treatise on the Construction of the Various Kinds of Artificial 
Dentures. By Charles Hunter. Fourth Edition . . . 3/0 

Wood Bngraving: 

A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /9 

tiaundry Management. 

A Handbook for Use in Private and Public Laundries . . •2/0 
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AGRICULTURE, GARDENING, ETC. 
Draining and Bmbankinff : 

A Practical Trtatise. By Pror. John Scott. With 68 Illustrations 1/6 . 

Irrigation and IflTater Supply: 

A Practical Treatise on Water Me^idows, Sewage Irrigation, Warping, &c.; 
on the Const ruction of Wells, Ponds, Re^rvoirs, Ac. By Prof. John 
Scott. With 34 Illustrations • 1 /Q 

Farm Roads, Fences, and Gates: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
Farm ; the Principles of Enclosures ; and the diflferent kinds of Fences, 
Gates, and Stiles. By Prof. John Scott. With 73 Illustrations . 1/S 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Farms^ 
their Arrangement and Construction, with Plans and Estimates. By Prof. 
John Scott. With 105 Illustrations 2/0 

Barn Impalements and Machines : 

Treating of the Application of. Power and Machines used in the Threshing' 
bam, Stockyard, Dairy, &c. By Prof. J. Scott. With 133 Illustrations. 

2/0> 

Field Implements and Machines: 

With Principles and Details of Constru^^tion and Points of Excellence, their 
Management, &c. By Prof. John Scott. With 138 Illustrations 2/(X 

A|(ricultural Surveying: 

A Treatise on Land Surveymg, Levelling, and Setting-out ; with Directions- 
for Valuing Estates. By Piof. J. Scott. With 62 Illustrations. . 1 /6» 

Farm Engineering. 

By Professor John Scott. Comprising th*. above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Half-bound . . 1 2/C^ 

Outlines of Farm Management. 

Treating of the General Work of the Farm ; Stock ; Contract Work ; 
Labour, &c. By R. Scott Burn 2/& 

Outlines of Ijanded Bstates Management. 

Treating of the Varieties of Lands, Methods of Fanning, Setting-out of 
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6- 

%* TAe above Two Vols, in Oru^ handsomely half-bound^ price 6/0 

Soils, Manures, and Crops. 

(Vol. I. Outlines op Modern Farmin'g.) By R. Scott Burn . 2/0* 

Farming and Farming Economy. 

(Vol. II. Outlines of Modern Farming.) By R. Scott Burn 3/0* 

Stock: Cattle, Sheep, and Horses. 

(Vol. III. Outlines ok Modern Farming.) By R. Scott Burn 2/6- 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/(y 

Utilization of Sewage, Irrigation, and Beclamation* 
of IHTaste Land. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/6' 

Outlines of Modem Farming. 

By R. Scott Burn. Consisting of the above Five Volumes in One, 
1,250 pp., profusely Illustrated, half-bound . ... 1 2/0» 
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Book-k€epin^ for FarmevB and Bdtate OvIi^fb. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Edition, revised . 2/S 

Ready Reckoner for the Admeasurement of Land. 

By A Arman. Fourth Edition, revised and extended by C. Norris 2/0 

Miller's, Com Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modern Flour Mill Machinery, 
by W. S. HOTTON, G.E. 2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c. By John Stkelb 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/6 

Sheep: 

The History, Structure, Economy, and Diseases of. By W. C. Spooner, 
M.R.V.S. Fifth Edition, with fine Engravings 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of "Gardening Illustrated" . . . 3/0 

Kitchen Gardening Made Rasy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&€., with directions for management all the year round. By Georgb M. F« 
Glenn Y. Illustrated •1/6 

Cottage Gardening: 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday. 

1/6 
Garden Receipts. 

Edited by Charles W. Quin 1 /S 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Do 
Brbuil. Fifth Edition, carefully Revised by George Glenny. With 
187 Woodcuts 3/6 

The Tree Planter and Plant Propagator : 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1 /S 

•»• The abcve Two Vols, in One, handsomely ■half-boundy price 3/6. 

The Art of Grafting and Budding. 

By Charles Baltbt. With Illustrations . . , . . 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
Desoriptive Geometry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G.. Mongb> To which is added a Descriptioo 
of the Principles and Practice of Isometrical Projection. By J. F. Hbathrr, 
M.A. With 14 Plates 2/0 

Praotioal Plane Geometxy: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
With 215 Woodcuts 2/0 

Analytioal Geometry and Conic Sections, 

A Rudimentary Treatise on. By James Hann. A New Edition, re- 
written and enlarged by ProfessoiT J . R> Young . . . • 2/0 

Euclid (The Elements of). 

With many Additional Propositions and Explanatory Notes ; to which is 
prefixed an Introductory Essay on Logic. By HENkV Law, CE. . 2/6 

*,* So id also separately, viz : — 
Buclid. The First Three Books. By Henry Law, C.E. . . .1/6 
Bnclid. Books 4, 5, 6, II, 12. By Henkv Law, C.£. . • .1/6 

Plane Trigonometry, 

The Elements of. By James Hann. 1/6 

Spherical Trigonometry, 

The Elements of. By James Hank. Revised by Chari.es H. Dow- 
ling, CE 1/0 

*»* Or with " T/u Elements 0/ Plant Trigonometry" in One Volume^ 2 '6 

Differential Calculus, 

Elements of the. By W. S. B. WoolhousE, F.R.A.S., &a . .1/6 

Integral Calculus. 

By HoMBRSHAM Cox, B.A. 1/6 

Algebra, 

The Elements of. By James Haddon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . • 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems in Algebra. 
By J. R. YoL'NG 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By James Haddon, M.A - . .1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self- Inst ruction. By J. R. Yuung, late Professor of Mathematics 
in Belfast College. '1 hirteenth Edition 1/6 

A Key to the Above. 

By J. R. Young 1/6 

Equational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hh-slev 1/6 

Arithmetic, 

Rudimentary, for the Use of Schools and SelF-Instruction. By Jambs 
Haddom, M.A. Revised byAuKAHAM Arman . . . '1/6 

A Key to the Above. 

ByA. Akm\n 1/6 
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Mathematical Instruments : 

Their Construction, Adjustixi«nt, Testing, and Use Concisely Explained^ 
By J. F. Heather, M^., of the Royal Military Academy, Woolwich. 
Fourteenth Edition, Revised, with Additions, by A.- T. Walmislev, 
M.I.C.E. Orij^inal Edition, in z vol.. Illustrated .... 2/0 

%* In ortUring the abaue^ be careful to say " Original Edition" or ^ive iks 
number in the Series (32), to distinguish it /torn tlte Enlarged Edition in 
3 vols, (as/oliotvs) — 

Draving and Measuring Instruments. 

Including — I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and ill the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Hsathkr, M.A. . 1 /S 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus fo* 
producing copies of Maps and Pians by Photography. By J. F. Heathbr. 
M.A. Illustrated 1/Ci 

Surveying and Astronomical Instruments. 

Including^ — I. Instruments used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments employed in Astronomical Ob- 
servations. By J. F. Hbathbr, M.A. Illustrated. . . .1 /G^ 

%* The above three volumes form an enlargement of the A uthor^s original work, 
" Mathematical Instruments^*' price 2/0* {Described at top of page.') 

Mathematical Instruments : 

Their Construction, Adjustment, Testing and Use. Comprising Drawing,, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the most part entirely re- written. 
The lliree Parts as above, in One thick Volume. .... 4/& 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culutions with unexampled rapidity and accuracy. By Charles Ho a re, 
C.E. With a Slide Rule, in tuck of cover. Seventh Edition . . 2/& 

liOgarithms. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Hbnky Law, C.E. Revised Edition . . . 3/G^ 

Compound Interest and Annuities (Theory of). 

With 1 ables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their. Applications and Uses for Mercantile 
and State Purpo.ses. By Fbdor Thoman, Paris. Fourth Edition . 4/0- 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. 'ibgether with a. 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition ......... 4/0^ 

Mathematics, 

As applied to the Constructive Arts. By Francis Campik, C.E., ft'c. 
Third Edition . 3/0 

Astronomy. 

By the late Rev. Robert Main, F.R.S. Third Edition, revised and cor^ 
rected to the Present Time. By W. T. Lynn, F.R.A.S. . . . 2/0- 

Statics and Dynamics, 

The Principles and Practice of. Embracing also a clear development of 
Hydrostatics^ Hydrodynamics, and Central Forces. By T. Bakbr, C E. 
Fourth Edition . • . • 1 /6» 



14 W£ALE*S SCIENTIFIC XNU TECHNICAL SEIUES. 

BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

& DictionaFy of Painl^ers, ajoid Hajidbook for Picture 
AmataurB. 

Being a Guide for Visitors to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, &c. By Philippe Daryl, B.A. . . . . . 2/6 

Paintintf Pcmularly Explained. 

By T. J. GULLICK, Painter, and John Timbs, F.S.A. Including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, I'empera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Sixth Edition ^/O 

& Diotionary of Terms ueed in Arohitecture, Build- 
in|f, SBntfineerin^, Mining, Hetallurgy, Arches- 
ology, the Fine Arts, Jko. 

ByJoHNWBALB. Sixth Edition. Edited by R*. Hunt, F.R.S. . 6/0 

Music: 

A. Rudimentary and Practical Treatise. With numerous Examples. By 
Charles Child Spenci^r 2/o 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Spencer . ' . . .. . . . . .1/6 

The House Manager. 

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine- 
making, Gardening, &c. By An Old Housekeeper . . 3/6 

Manual of Domestic Medicine. 

By R. GooDiN'?, M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revi^d . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. James Bajrd 1 /O 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . . 1 /© 

The BSlementary Principles of Bleotric liightin^. 

By Alan A. Campbell Swinton, M.Inst.CE., M. I.C.K. Fourth 
Edition, Revised ijitst VublisJud )/6 

The ESlectric Telegraph, 

Its History and Progress. By R. Sabine, C.E., F.S.A., &c. . . 3/0 

Handbook of Field Fortification. 

' By Major W. W. Knollys, F.R.G.S. With 163 Woodcuts . . 3/O 

Liojio, 

Pure and Applied. By S. H. Emhens. Third Edition . .. .1/6 

« • fc 4 ' • 

Locke on the Human Understanding, 

Selections from. With No^es by S. H. Emmens .. , , .1/6 

The Oompendious Calculator 

I {Intuithft Cakulations). Or Easy and Concise Methods of Performin|; the 
various Arithmetical Oi>erations required in Commercial and Busing 
Transactions ; together with Useful Tables, &c. By Daniel O Gorman. 
Twenty-stventh Edition, carefully revised by C. Norris . . 2/6 
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Measures, ISTeights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOUSE, F.R.A.S., F.S.S. Seventh Edition . 2/6 

Orammar of the English Ton^e, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hydk Clarke, D.C.L. Fifth Edition. . . .1/6 

Biotionary of the English Language. 

As Spoken and Written. Containing above 100,000 Words. By Hvdb 

Clakke, D.CL. 3/6 

Cofft/>lete with tJu Grammar, 5/6. 

<loniposition and Punctuation, 

Familiarly Explained for those who hfive neglected the Study of Grammar. 
By Justin Brenan. i8tti Edition. . . . . . . .1/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. Bv 
G. L. Strauss, Ph.D 1/6 

Bnglish-French Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, &c. 
By Alfred Elwes 2/0 

French Dictionary. 

In two Parts — I. French-English. II. English. French, complete in 

One VoL 3/0 

*«* Or with the Grammar, 4/6* 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues . . . .1/6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss . . .- . . . .1/6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French- English. Part II. 
English-German-French. Part III. French-German-English . . 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 6/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Iu«lian and French Nouns are carv'ully 
noted down. By Alfred Elwes. Vol.1. Italian- English-French. 2/o 

Italian Triglot Dictionary. 

By Alfred Elv.bs. Vol. II. English-French- Italian . . . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. 111. French-ltalian-English . . . 2/6 

Italian Triglot Dictionary. 

(As above). In One VoL . 7/Q 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwbs 1 /6 

Spanish-Bnglish and Bnglish-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwbs ^/O 

'*f!^ Or with the Grammar, 6/Q. 
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Portugese Orammar, 

In a Simple and Practical Form. With Exercises. By Alfkrd Elwbs t /6 

Portugese -English and EBglish- Portugese Dio- 
tionarv. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes. Third Edition, revised 6/0 

%* Or with ike Grammar, 7/0* 

Animal Physios, 

Handbook of. By Dionysius Lardnbr, D.C.L. With 520 Illustrations. 

In One Vol. (733 pages), cloth boards 7/6 

%* Soid aise in Two PartSf as follows : — 
Animal Physics. By Dr. Lardnbr. Part I., Chapters I. — VII. 4/0 
Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVIII. 

3/0 
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